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A lasting question in economic literature is how economic growth differs between
urban areas and rural areas of states. Are fertility, schooling attainment, and mor-
tality higher in urban areas or rural? Where the Baby Boom has been documented in
the U.S. for both the white and black populations, do we similarly observe an increase
in fertility rates for the urban white, urban black, rural white, and rural black popula-
tions? Do we observe differences in access to education and levels of discrimination
for white and black individuals on an urban-rural level? Also, how do the costs of
schooling compare over time for white and black individuals in urban and rural ar-
eas? Starting with the first available urban and rural economic measurements in
1900, this dissertation characterizes how fertility, schooling attainment, mortality,
and discrimination have changed in urban and rural areas by race in states from
1900–2010.
To identify how economic development compares in urban areas versus rural, the
first chapter of this dissertation provides urban and rural measurements of fertility,
schooling attainment, and mortality risk. From this data collection, we find evidence
of steadily declining young adult mortality risk and infant mortality for urban and
rural areas over time. We also observe increases in schooling attainment, with less
disparity between white and black expected schooling over time in both urban and
rural areas. As for fertility, this paper finds increases in fertility rates for urban
white, urban black, rural white, and rural black populations during the Baby Boom.
ii
This paper then presents an urban-rural growth model for fertility and schooling.
By closely fitting the model’s fertility and schooling paired solutions to the observed
data, this model generates calibrated cost of schooling values. We find that the cost
of schooling, which impacts the decision of individuals to pursue further schooling,
is greater for urban areas than rural.
The second chapter turns to investigate how discrimination exists historically on
an urban versus rural level by race. Using the calibrated cost of schooling values from
the prior chapter of the dissertation, we can think about how much black individuals
would have been willing to give up of their lifetime wealth to have faced the white
cost of schooling in the same area, whether urban or rural. The amount that a black
individual would relinquish of their lifetime wealth to face the white cost of schooling
can serve as a measurement of discrimination. This paper constructs measurements
of discrimination in urban and rural areas from 1900–2010. We find evidence of
greater discrimination for black individuals in urban areas than rural areas leading
up to the integration of schools. We also observe that after the integration of schools
and the Civil Rights Movement, there is steady improvement across states and census
divisions in access to schooling and equality.
The Sourcing of Data Appendix provides sourcing details of all data and any
processes used in the constructed urban and rural measurements of fertility rates,
enrollment rates and schooling attainment, and mortality risk.
iii
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1. Fertility, Demographic Change,
and Economic Growth:
Urban and Rural Evidence
1 Introduction
How does economic growth compare in urban areas relative to rural areas in the
United States? Do we observe distinct urban from rural fertility, schooling, and
risk of mortality? How do the costs of schooling compare between urban areas and
rural areas for white and black individuals? Where past literature has considered
overall, or aggregate, state growth by race, there is a void in the literature towards
exploring urban and rural state growth and development. St. John and Grasmick
(1985) along with Jones and Tertilt (2008) identify differences in black and white
fertility, with black fertility historically higher over time. Tamura et al. (2016) find
higher levels of white schooling attainment than black schooling attainment over
time along with varying costs of schooling for white and black individuals. But
do we observe fundamental differences in the level of schooling attainment, fertility
rates, and mortality risk in urban and rural areas of states for the white and black
populations?
Though not as documented as general or aggregate state specifications in early
1
American history, urban-rural data have existed in census records since 1910.1 Ex-
ploring economic growth on an urban-rural level can better illustrate the costs of
schooling and state differences in discrimination over time.2 This research could also
be used to evaluate the costs of individuals in relocating, for example from a rural
area to an urban area.3
Though past economic growth literature has focused on aggregate state growth
and national urban growth, little exists in the way of measuring just how economic
growth and development varies on an urban-rural level by state and race.4 This
paper contributes to economic literature by (1) providing urban-rural measurements
of schooling attainment, young adult mortality risk, fertility, and urbanization, (2)
presenting a state urban-rural growth model for fertility and schooling attainment
by race, and (3) producing historical cost of schooling values by race for urban areas
and rural areas of states.5 The cost of schooling values can be treated as a wedge
to fit the data and are produced by closely fitting the model’s fertility and schooling
values to the observed data values. The urban and rural cost of schooling values can
be used to analyze differences in expected schooling that exist between the urban-
1Proportions of the population living in urban versus area have been constructed by the Census
Bureau and provided by the Iowa Data Center for 1900; this allows us to begin empirical modeling
in 1900 and further extend the time series of urban-rural state growth.
2This paper considers a total of four differentials for each state over time: urban white, rural
white, urban black, and rural black.
3Both Canaday and Tamura (2009) as well as Collins and Wanamaker (2014) consider migration
and relocation costs for individuals. Collins and Wanamaker (2014) consider states primarily in the
southern United States as well as some in New England and the Mountain census divisions.
4Bogue (1955) investigates the evolution of urban areas in the United States while Jones (2016)
evaluates more generally growth over time. Murphy et al. (2008) constructs a model of state growth
through fertility and schooling attainment.
5The growth model which is presented in this paper extends the state growth model of Tamura
et al. (2016), which produces solutions of white and black fertility as well as schooling.
2
rural white and black populations. Further, the cost of schooling values can be used
to compare discrimination historically for urban versus rural areas.
This paper finds evidence that rural fertility tends to exceed urban fertility by
race and state over the time period 1900–2010. We additionally find that fertility
rates increase more for urban white and urban black populations during the Baby
Boom period than their rural counterparts. We observe declining mortality risk
across census divisions by race in urban and rural areas as well as increased schooling
attainment. There is also evidence of less disparity in schooling attainment between
the overall population of a location (such as urban white and urban black) than the
overall population of a race (such as urban white and rural white). We also find that
generally the urban costs of schooling are higher than the rural costs of schooling.
The black costs of schooling tend to exceed the white costs of schooling in the same
area, whether urban or rural, in 1900 but become more similar over time.
Given the volume of data by state, year, race, and urban-rural classification, all
figures and tables are displayed by census division.6 In sections 2 and 3, background
information is provided on urbanization, fertility, schooling attainment, and mor-
tality risk. The setup of the theoretical model is described in section 4. Section
5 discusses the modeled fertility and schooling solutions (along with the calibrated
parameters).7 The Appendix provides the list of states included in each of the census
divisions along with those for which calibrated solutions are formulated.8 Additional
6As a general note, intra-location (urban white and urban black) data are usually more com-
parable than intra-race (such as urban white and rural white). So the scaling of all graphs in the
paper follows this finding.
7The solutions and the calibrated parameters are presented graphically at the end of the paper.
8Though measures of schooling attainment were constructed for the entire time series 1900–2010,
the modeled solutions requires both measures of schooling and fertility. Where the data does not
3
details for the collection of this data and construction of measures of schooling at-
tainment and mortality risk are available in the separate Sourcing of Data Appendix.
2 Background on Urbanization
From its original definition from the 1910 census, a geographic area with 2,500 or
more residents is classified as urban. Even by the 1990 census, an urban specification
captures locations with just 2,500 or more residents. While it is the case that the
U.S. population has both increasingly urbanized and dispersed over time, leading to
metropolitan conglomerates that even span an entire state like New Jersey, the dis-
tinction of urban-rural, or at least metropolitan-nonmetropolitan, exists throughout
the twentieth century.
There has generally been a shift over time away from remote, rural residences
towards thriving urban metropolises, described by Bertinelli and Black (2004). In
its 1910 collection of rural data in the United States, the Census Bureau separates it
into rural-farm and rural-nonfarm components.9 Supported with dynastic modeling
in Turner et al. (2018), rural-farm families in agriculture-intensive areas may have
achieved greater family because of both (i) contribution to “household” production,
and (ii) greater mortality risk. But with urban growth and shrinking agricultural
focus over time, the distinction vanishes to serve as a general rural classification.
exist, often to construct urban black and rural black differentials, in census records, the model is
unable to calibrate the parameter values. The specific solutions that are solved for in this paper
are listed in the Appendix.
9Where Effland (2000) focuses on the distinctions between rural farm and rural-nonfarm, this
paper simply evaluates urban versus rural distinctions. Fertility and schooling data is available
though in this way for the first half of the twentieth century.
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For the purpose of this paper, rural totals are formed from the sum of the two
components because of the later fading of this distinction. The definition of urban-
rural later competes also with the rise of metropolitan standard (statistical) areas.
Updated and adjusted over time, metropolitan areas report data of a broad area
encapsulating a focal city or point, described by Shryock (1957). Data from these
metropolitan (and nonmetropolitan) areas serves use through both survey data with
IPUMS and mortality data with the Centers for Disease Control and Prevention
(CDC).10
Figure 1 presents the urban white and urban black shares of the population.11





where i reflects the state, R the race as white or black, U the location in either urban
or rural, and t the time or cohort year. This notation will be used throughout the
paper in characterizing the data series. What we observe from these urban shares is
that urbanization occurred most rapidly for the black population. Bajari and Kahn
(2001) similarly recognize this trend.12 Reid (1974) identifies a Southern transition
from rural to urban areas beginning around 1960, but in nearly all other census
10In the availability of data reported on a metropolitan-nonmetropolitan level rather than urban-
rural, metropolitan is used as a proxy for urban while nonmetropolitan is used as a proxy for
rural.
11Many of the graphs presented in the paper will be reported with two subparts. For example,
in figure 1, (a) displays the urban white share, and (b) displays the urban black share. These are
presented as a joint figure for drawing comparisons and contrasts in the data. Since the data in this
paper has not been previously constructed on an urban-rural level, it helps in better understanding
the differences between people on this level.
12The rural white and black shares, though not presented graphically, can be computed by simply
subtracting the urban shares from 1. So whereas the urban shares are increasing over time, the
rural shares approach 0, especially for the rural black value.
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divisions, we observe this shift as well. In many cases, the black urban share reflects
the entire black share by 2000 for most census divisions.
Not only do the shares provide background on this urbanization process over
time, but the shares are used in constructing urban-rural densities (r) by state. Since
the exact urban-rural densities are not known, the aggregate densities presented in
Tamura et al. (2016) are initially taken and treated as a weighted average of the
urban and rural densities. Densities, evaluated alongside the price of space, identify
the number of people in thousands per square mile for a randomly selected individual.









where c denotes a particular county of the C counties in a state. To form the urban-
rural densities, the state densities can also can be written
(3) riRt = s
urban
iRt riRt + s
rural





From this equation, if the urban density is increasing for a state, then the rural
density is decreasing to give the aggregate state density. The urban densities and
rural densities are presented in Figures 2 and 3, respectively.13
In working towards the model solutions later presented in the paper, the urban
densities were first adjusted before turning to adjusting model parameter values.
The initial restriction imposed towards the densities is that rurban > rrural. What
was realized quickly in the solutions is that if the urban density grows too much, it
13Where the shares were computed as a population-weighted average for every census division,
we only determine urban-rural densities from the states for which we solve in the model. Greater
detail on this can be found in the supplementary Data and Sourcing Appendix.
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may make for the rural density to become infinitesimal or even negative. This can
often be seen in 1910 and 1920 where we see tremendous urbanization. To limit this,
a restriction is placed such that the rural density must be at least 10% of the state
density.
In comparison to the other census divisions, the Middle Atlantic (primarily New
York) had the greatest densities for both urban white and urban black during the
Roaring Twenties and the end of World War II. The other census divisions experi-
enced similar growth in urban density during these periods though on a lesser scale.
What is simultaneously observed from this though is that the rural densities often
appear extremely small, reflecting fewer people choosing to live in rural areas during
these periods of urban growth.
3 Data
3.1 Fertility
There has been steady decline in fertility rates with evidence of a baby boom.
Supported by Jones and Tertilt (2008) as well as Tamura et al. (2016), we generally
observe greater fertility values in rural areas as opposed to urban and greater black
fertility than white fertility. Fertility rates are determined from the number of chil-
dren ever born to women aged 35–44 years and the corresponding number of married
women aged 35–44 years.14 Thus, a fertility rate, x, can be written as




Number of Children Ever Born35 to 44iRUt
Number of Ever Married Women35 to 44iRUt
.
First archived in Census records from 1910, fertility data is no longer collected
after 1990 on an urban-rural level. Fertility data is available in census records until
1990 and is then continued through Current Population Survey data through their
June Supplements for subsequent years. To find 1900 fertility values, we back this
information from the age categories appearing in the 1910 census.15 We are also able
to forward project the urban-rural fertility rates because of information about the
state aggregates with the June Supplement information. Figures 4 and 5 present the
urban and rural fertility values by each of the census divisions.
It may be useful to note here that where we are unable to collect fertility rate
data for urban black and rural black for each of the census divisions, we present only
the data that is available.16 So for instance, the black population of New England
(either urban or rural) is often so small that the data may only be available starting
in 1960 from the Census Bureau.17 Part of the reasoning behind the missing values
is (1) to preserve the anonymity of the information-providing individuals, and (2)
limit volatility of the information over time. If there are 10 married women in rural
black Vermont and one dies trying to birth a child, then there is a 10% decline in
the number of women for computing fertility rates.
Evidence of a baby boom, such as in Easterlin (1961), is most pronounced for
urban fertility as opposed to rural. Black urban fertility during this time, especially in
15Greater detail on this process is provided in the Sourcing of Data Appendix.
16Also, all data for Alaska and Hawaii are available from 1960-2010, but are included in the
Pacific census division.
17In some states, it is even more restrictive. Fertility for rural black Rhode Island, for instance,
is available for only one year. So any fertility rate would have to be based on a projection of the
aggregate value and likely implausible.
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the Southern divisions, even approach their 1900 values. States in the South Atlantic,
East South Central, and West South Central tend to experience the greatest levels
of fertility, with lower levels in New England and the Middle Atlantic. Supported
with earlier evidence of increasing urban shares during the Baby Boom, it may
also have spurred migration and relocation.18 As for the decline in fertility after the
Baby Boom, Lord and Rangazas (2006) assert that increases in schooling attainment
with growth in higher education contribute to this occurrence, especially for women
(Tamura and Simon, 2017). Permanent increases in female labor force participation
also contribute to the decline in fertility after the Baby Boom, supported by Doepke
et al. (2015).
3.2 Schooling Enrollment and Attainment
While identifying the contrasts of schooling has not been done by state on an
urban-rural level, literature has been emerging describing it in Colombia (Ramos et
al., 2012) and China (Ayoroa et al., 2007). What is found in each of these respective
countries is that overall rural areas suffer in schooling opportunities relative to their
urban counterparts. From the white-black schooling values presented in Tamura et
al. (2016) as well as in Turner et al. (2018), black schooling falls behind white
schooling by 0.6 years in 2000 at the national level. A similar finding exists between
white and black schooling by census division.
We next present schooling attainment by census division on this urban-rural level.
Figures 6 and 7 present the schooling attainment values by urban and rural levels
18Evidence for this occurrence appears in Cromartie (2009).
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respectively; the specific values along with a national average can be found in tables
at the end of the paper. What we observe in 1900 is that schooling attainment is
lowest in the three Southern census divisions (South Atlantic, East South Central,
and West South Central), irregardless of race (white or black) or location (urban or
rural). The difference in white-black schooling attainment in 1900 for these Southern
census divisions, identified by Tamura et al. (2016), also appears on both urban and
rural levels. By 1950, the difference in schooling attainment by census division fades,
and there is less of a gap in white-black schooling on a national level. The U.S. urban
white-black schooling difference was 0.4 years in 1950 in comparison to 2.9 years in
1900; the U.S. rural white-black difference was 0.5 years in 1950 in comparison to
3.2 years in 1900.
The enrollment rates, using data compiled from census volumes and IPUMS,
are computed by age category for the construction of schooling attainment.19 The
enrollment rate between ages j and k is constructed as
(5) Enrollment Ratej to kiRUt =
Number of Enrolled Personsj to kiRUt
Population Countj to kiRUt
.
By determining the decadal enrollment rates from census records as well as
IPUMS survey data for more recent years, we then can interpolate the enrollment
rates for individual years. The summation of enrollment rates simulates the school-
ing attainment decision for a person as their expected years of schooling. Assuming
that an individual begins at age 6 with schooling continued through the age of 24,
19These are provided for the age categories of 5-9, 10-14, 15-19, and 20-24 years of age. The
enrollment rates tend to increase over time, with the age category of 20-24 years of age only
available starting in 1930 to capture higher education attainment.
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we sum the sequence of enrollment rates to construct expected years of schooling.
The Ē expected years of schooling is characterized by
(6) ĒiRUt = Enrollment Rate
Age 6
iRUt + Enrollment Rate
Age 7
iRUt+1+
Enrollment RateAge 8iRUt+2 + . . .+ Enrollment Rate
Age 24
iRUt+18.
However, there is slight difference in the construction of the expected years of
schooling values relative to Tamura et al. (2016). Whereas it considers the sum-
mation of the primary, secondary, and higher education enrollment rates to find a
schooling attainment value. For this paper, the enrollment rates are computed by age
categories instead of schooling level because of how it is presented on an urban-rural
level in census records. So for example, a secondary enrollment rate may consider
individuals through high school while this paper considers an enrollment rate for
the age category of 15-19 years old. So it would include some higher education en-
rollment, possible retention in high school, or those who choose to no longer attain
education. In comparing the general construction processes, the method used in this
paper usually leads to relatively “smooth” growth or schooling accumulation over
time.
Rising returns to schooling are connected to increases in schooling attainment.
While Becker et al. (1990) as well as Katz and Murphy (1992) find evidence of returns
for additional schooling, Castro and Coen-Pirani (2016) conclude that skill prices fur-
ther contribute to this observation. There exists greater incentive for individuals to
finish high school and attend college because of employment opportunities. What can
also factor into education growth is changes in mandatory attendance laws, affecting
enrollment rates in states. Acemoglu and Angrist (2000) conclude that mandatory
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attendance laws lead to increases in middle-school and high-school enrollment. Each
state has its own policy towards what ages are required for attendance. Whereas
Rhode Island currently requires students aged 5 to 18 years to be enrolled in school,
Wyoming only requires students aged 7 to 16 years to be enrolled in school.20
3.3 Mortality
The young adult mortality risk and infant mortality rates have steadily declined
despite urbanization. Mortality data is collected from the Vital Statistics of the
United States reports and later through the Centers for Disease Control and Pre-
vention. Death data is reported in age intervals, frequently appearing in 5-year
increments (such as 5–9 years old or 10–14 years old). To calculate the hazard mor-
tality rate over a particular age interval, this involves dividing the death count by
the population count (from census records) over that same age interval.21 For the
5–9 age category, this yields
(7) Hazard Mortality Rate5 to 9iRUt =
Death Count5 to 9iRUt
Population Count5 to 9iRUt
.
Upon determining the hazard mortality rate, it is possible to further evaluate the
probability of not dying, which we will denote ζ. This probability ζ for the 5 to 9
year age interval can be written
(8) ζ5 to 9iRUt = (1−Hazard Mortality Rate5 to 9iRUt )9−5+1.
20Greater information on state policies can be found through the National Center for Education
Statistics in Table 5.1 of their “Student Readiness and Progress Through School” report.
21The infant mortality rate (IMR) is determined this way as well, taking the number of children
dying before the age of 1 as a fraction of the population aged less than 1 year.
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As a note, the power is increased by one in (8) to account for each of the five
individual years included in the age interval. We next can write the probability of
dying γ for the 5 to 9 year age interval by
(9) γ5 to 9iRUt = 1− (1−Hazard Mortality Rate5 to 9iRUt )9−5+1.
Following the calculation of both the IMR as well as the γ probabilities over all of
the age intervals through the age of 35, we can construct a measure of young adult
mortality risk δ. Noting the age intervals as superscripts, δ is constructed as






iRUt + . . . +
γ25 to 29iRUt + γ
30 to 34
iRUt − 23IMRiRUt.
Generally, we observe greater black young adult mortality than white. Young
adult mortality risk for urban areas also tends to be greater than that of rural
areas as well as for places with extremely high densities. In 1900, the urban white
young adult mortality in New York is 30.8% in contrast to 14.3% of urban white
Nevada. Where this stark contrast between states and census divisions appears at
the beginning of the time series eventually vanishes, this gap steadily declines over
time. Figures 8 and 9 present the young adult mortality risk δ through age 35. There
is relatively little difference in census divisions for white young adult mortality risk
on either an urban or rural level; greater distinction exists for black young adult
mortality risk on both urban and rural levels.
Where the state white and black young adult mortality risk values presented in
Tamura et al. (2016) identify declines since 1900 for nearly all census divisions,
constructed urban-rural young adult mortality risk and infant mortality tend to
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experience similar decline. Despite an increase in urban young adult mortality risk
(and infant mortality) in the Mountain, West South Central, and East South Central
census divisions in 1940, we see greater declines in their rural counterparts, still
supporting the aggregate declining mortality over time.22
The infant mortality rates take a similar declining time path as young adult
mortality risk. Where urban white infant mortality appears similar to rural white
infant mortality by census division, urban black infant mortality tends to exceed rural
black infant mortality. Figures 10 and 11 present the infant mortality rates. Greater
detail towards the construction of the young adult mortality risk and the imputation
of any values is available in section 4.13 of the Sourcing of Data Appendix.
4 Model
Now that we have collected data on urbanization, fertility, schooling attainment,
and mortality risk for urban and rural areas, we can turn to modeling state urban-
rural growth of fertility and schooling. The reason why we are interested in modeling
fertility and schooling is to find cost of schooling values, which can be used to mea-
sure discrimination and access to education historically.23 The model presented by
Tamura et al. (2016), along with their earlier model in Murphy et al. (2008), pro-
duces cost of schooling values by closely fitting fertility and schooling jointly to the
22Since the overall state white (black) young adult mortality risk values are based on a combina-
tion of urban and rural mortality, shifts in population shares also contribute to this result.
23The model is agnostic to where discrimination originates, whether from schooling provisions
of school districts or the labor market. There is evidence though from Choquette and Tamura
(2020) of expenditure per-pupil costs differing for white and black individuals, which could reflect
discrimination in schooling provisions. The cost of schooling values in this dissertation are wedges
to fit the observed urban-rural fertility and schooling data.
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observed data values. This paper closely follows the setup of Tamura et al. (2016) by
extending their model of white-black fertility and schooling to include an urban-rural
framework.
Before presenting any preference functions or equations, some recurring scripts
will be used in this paper: i reflects the state, R as race, U as the urban-rural
location, and t the time or cohort year. As for the variables, x denotes fertility, r
density, c consumption, p the price of consumption, h human capital, living space
S, and δ mortality risk through age 35. To introduce the model, we first consider
a parent’s preferences for raising children. There exists a precautionary demand for
fertility which raises the price of child quality, reflected in a child’s human capital.
We assume that a parent ultimately chooses their level of fertility xiRUt, SiRUt living
space, level of consumption ciRUt, as well as how much to invest in their child’s human











We also assume that child-rearing preferences can differ over time across locations
(urban or rural), races (white or black), and states in this paper. 24 All of the values
for {Λ, ψ, ϕ, θ, µ, α, τ̄ , A, a, p and r} are taken from Tamura et al. (2016), which
are selected to achieve a balanced growth path in the numerical solutions.25 This
enables for the evaluation of just how the urban versus rural differentials compare to
24This is an extension of the assumptions of Tamura et al. (2016), which assumes that preferences
vary by race and state and time.
25The specific values used towards calibrating this urban-rural model and the previous white-black
model can be found in Table 5 of Tamura et al. (2016).
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the findings at the aggregate state level by race.
In considering how parents invest in their child’s human capital, a motion equa-
tion illustrates the accumulation of human capital over successive generations. Where
τ denotes years of schooling, the human capital motion equation can be written by







From this human capital motion equation, we observe that increases in schooling
attainment lead to increases in human capital for the subsequent generation. We
can also consider the constraints faced by parents in child-rearing. With θ the fixed
fraction of time spent raising a child as well as κ efficiency of schooling, the budget
constraint follows Tamura et al. (2016), letting c serve as the numeraire and p = 1.
This κ can also be evaluated as the cost of schooling but moreover a wedge to fit
schooling attainment and fertility.The budget constraint is constructed by
(13) pciRUt + riRUtxiRUtSiRUt = hiRUt
[
1− xiRUt(θ + κiRUtτiRUt)
]
.
Where parents choose fertility x along with τ years of schooling, Tamura et al. (2016)
show that the maximand can be rewritten as




























The model cannot be solved analytically, except for the case with zero young adult
mortality risk. This is where we turn to calibrating the parameters {κiRUt, νiRUt,
16
βiRUt}. As in Tamura et al. (2016), {κiRUt, νiRUt, βiRUt} are chosen in order to
fit fertility and schooling data for each state, race (white and black), and location
(urban and rural) by decade. The selection of these parameters results in a modeled
fertility and schooling pair.
Using Gauss to numerically solve (14), we first solve for the urban fitted values
and then find the rural numerical solutions, using (2) to adjust rural density. Once
the urban solution is finished, it fixes the value of the rural density for the other
solution. To keep the urban densities from growing uncontrollably, we impose a
restriction that the rural density still must be at least 10% of the state density thus
to make it solvable. As in Tamura et al. (2016), ν is bounded below by 0.5, which
it remains from 1960–2010.26 Further, if the value of ν from a state white-black
solution reached 0.5 prior to available urban-rural data in 1900, we leave the ν value
fixed at 0.5 for that state’s urban and rural solutions. This then only allows for
the adjustment of the β and κ parameters. Solving the model reveals some simple
comparative statics: raising density lowers fertility and raises schooling, lowering κ
raises schooling but with little effect on fertility, and finally decreasing ν or raising
β raises fertility and lowers schooling.
If there are not enough observations of distinct urban and rural fertility and
schooling in a state, then the solutions from Tamura et al. (2016) are used.27 The
state solutions that were solved in this paper on an urban-rural level are identified in
26The single exception to this is with the state of Alabama, which takes the constant value of
0.25 instead of 0.5. This was done in Tamura et al. (2016), and the same approach was taken on
the urban-rural level for the comparison to the state solutions.
27For example, whereas rural black Vermont may only have reported fertility values for 1960,
1980, and 1990, we use the state black Vermont solution from Tamura et al. (2016).
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the Appendix by census division. We next proceed with discussion of the urban-rural
solutions.
5 Model Solutions
In calibrating the model, the young adult mortality risk and density values are
used as parameters to match fertility and schooling pairs. To achieve the fertility
and schooling pair fit with the data, the κ price of schooling is the primary object of
interest.28 Where an initial solution may result in fitted fertility close to the observed
fertility data, a solution also is paired to years of schooling. Thus, adjustment of the
parameters {κiRUt, νiRUt, βiRUt} continues until a fit for both is achieved.29 Figures
12–15 present the model solutions by census division. In the figures, observed fertility
(schooling) values are indicated on the solid line, and the fitted fertility (schooling)
values are indicated with a corresponding colored triangle.
By regressing the log of the observed fertility (and schooling) values on the log
of the fitted fertility (and schooling) values by census division, we can evaluate the
goodness of fit. Tables 1 and 2 present regression results by census division aggregates
using state preferences by urban and rural respectively. For these census division
28The use of varying taste parameters {βiRUt, νiRUt} can be thought of as capturing location-
specific amenities (or disamenities) that we do not observe. Simon and Tamura (2008) find a
negative correlation between cost of living and fertility, which could contribute to lower urban
fertility than rural. For example, high tax rates or property values may affect the decision of people
to reside in a particular location and the rear children.
29The first attempt at finding the schooling and fertility fits is with the κiRt, νiRt and βiRt values
from the white-black solutions from Tamura et al. (2016), only adjusting the state density to an
urban-rural setting. We use the taste parameters and cost of schooling values from that paper as
a guide towards the urban-rural solutions. Where we first try adjusting the κiRt values, we later
adjust νiRt and finally βiRt if necessary.
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aggregate regressions, we find R2 values of 0.98 or better for urban fertility and
schooling. We also find R2 values of 0.99 or better for rural black fertility, rural
black schooling, and rural white schooling.30 The state preferences fit the model well
for the census division aggregates.
Tables 3 and 4 present pooled regression results using state preferences by urban
and rural respectively. For the pooled regressions results, we find R2 values of 0.98
or better for black fertility, black schooling, and white schooling for both urban and
rural solutions.31 All of the slope coefficients for both the census division aggregate
and pooled regressions are statistically significant at the 1% level of significance. We
conclude that the state preference model fits the urban and rural solutions well for
both fertility and schooling.
To characterize the preferences and cost of schooling values used in acquiring the
fitted solutions, these are next discussed. Figure 16 presents the κ values by census
division. As suggested by McCracken and Barcinas (1991), the κurban values tend to
exceed the κrural values. This is indicative of higher schooling costs and likely costs
of living. It is also worth noting that the κ values generally seem to decline until
2010, by which point there is a tremendous surge in many of the census divisions.
Reasoning behind this could be shift towards private schooling over public schooling
in states. Census records and survey data collected through IPUMS do not specify
enrollment on an urban-rural level as well as by public/private schooling. What also
is observed is that κruralblack > κ
rural




white towards the beginning of
30The R2 for rural white fertility is 0.8945, which still suggests a good overall fit.
31The pooled urban white fertility and rural white fertility regressions find R2 values of 0.8544
and 0.8059 respectively.
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the time series. There is greater normalization of the values, but this suggests high
constraints imposed towards black schooling in the early 1900s.
We next turn to the calibrated β values shown in figure 17. This is the last of the
three parameters {κiRUt, νiRUt, βiRUt} to be adjusted in the model, only changing
to achieve a better fit on schooling and fertility. For the β values, we generally see
them increase at time of the Baby Boom followed by a sharp decline until 2010.
In particular, what can be noted is that changes in the β taste around the Baby
Boom occurred more pronounced in the black urban and black rural solutions. Part
of the reasoning behind this is steady increases in schooling attainment and career
advancement opportunities, supported in Stokes et al. (1977) and Johnson (1979).
In 2010, both the values of κ and β tend to increase to achieve the fit for schooling
and fertility. For most of the solutions as well, the βrural > βurban, supported by
generally higher rural fertility rates.32
We finally turn to the ν values taken in the model, shown in figure 18. As for
ν, many of the state solutions already reach the lower limit of 0.5 from the state
solutions by the start of the time series in 1900. This in particular occurs for states
in the South Atlantic, East South Central, West South Central, and Mountain census
divisions. If the model has not yet reached 0.5 by 1900, ν is allowed to be reduced
monotonically (to increase fertility) until 1960 or 0.5, whichever comes first. Further,
the ν values for the urban black in Middle Atlantic states tend to exceed those of
the other census divisions. This is largely because the observed urban black fertility
values are lower than the other census divisions, thus not requiring much reduction
32Rural white Alabama, driving the higher βruralwhite for East South Central in 1940, took a higher
value to achieve a fit for fertility. It also took a lower κ value to still achieve the fit for schooling.
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of ν to achieve a fit.
What these specific {κiRUt, νiRUt, βiRUt} offer is better understanding of how the
urban-rural observables like fertility and schooling exist by state, census division,
and race. With respect to the values of κ and β, their changes over time in connec-
tion to observed schooling and fertility values can help in critically evaluating the
effectiveness of public policies. For example, Fox and Myrskylä (2015) analyze the
connection between public expenditures and changes in fertility rates over time. If
a state looks to encourage greater schooling attainment and economic growth, this
may be guided through better understanding the costs faced in the parental budget
constraint.
6 Conclusion
To characterize urban-rural economic growth from 1900–2010, this paper provides
data on fertility, schooling attainment, and mortality risk by state, race, and urban-
rural location. What we conclude is that rural fertility tends to be greater than
urban fertility. We find evidence that both urban and rural fertility (for white and
black populations) increased during the Baby Boom period. Urban fertility, however,
increased relatively more than rural fertility during the Baby Boom. We also observe
declining mortality risk in both urban and rural areas over time as well as increasing
schooling attainment.
To better understand the cost of schooling values over time for urban and rural
areas, we construct an urban-rural growth model of fertility and schooling in this
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paper as an extension of the Tamura et al. (2016) model. By closely fitting the
model’s fertility and schooling solutions to those observed in the collected data, we
obtain cost of schooling values. These can be used in better understanding the
costs imposed historically on individuals as well as towards evaluating urban-rural
discrimination. We find evidence that the urban cost of schooling values tend to
exceed the rural cost of schooling values over the period 1900–2010.
A future area of expansion for this research could involve measuring discrimina-
tion of urban versus rural areas. The cost of schooling values obtained as a result
of numerically solving the urban-rural model could be used in a welfare analysis.
In urban areas for example, suppose that the urban white cost of schooling is im-
posed on an urban black individual in the same state in a given year. Would that
individual be willing to give up lifetime wealth to have received face the alternative
cost of schooling? Computing the welfare measurements of compensating variation
(CV) and (EV) based on the cost of schooling values would provide insights about
urban and rural discrimination. Though we see evidence of discriminatory costs ex-
isting during the Jim Crow era of the United States in Tamura et al. (2016) along
with Canaday and Tamura (2009), it currently is ambiguous how urban versus rural
discrimination evolves or diminishes with the integration of schools.
Another research question could be on the effectiveness of mandatory attendance
laws. If a state amends its mandatory attendance laws to include more required
years of schooling, to what degree are the enrollment rate and corresponding school-
ing attainment affected in urban and rural areas? For instance, Connecticut students
must remain enrolled in school from ages 5-18, amongst the longest required enroll-
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ment periods in the United States. However, urban white schooling attainment for
Connecticut is amongst the highest in the country in 2010. Where the connection
between mandatory attendance and expected schooling years has been investigated
on an aggregate state level, the urban-rural level of analysis could provide greater
detail towards the effectiveness of state policies.
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7 Appendix: Census Divisions
For the presentation of the data and solutions, the data is provided by census divi-
sions. The symbols listed beside each state identifies whether the data and solutions
are formulated on this urban-rural specification. So where possible, the solutions
are fully presented by urban white, rural white, urban black, and rural black spec-
ifications. If a specification does not have at least three observed values for either
fertility and schooling, then a model solution is not provided.
◦ white urban,  white rural, • black urban,  black rural
New England (NE) West North Central (WNC)
Connecticut ◦  Iowa ◦ 
Maine ◦  Kansas ◦ 
Massachusetts ◦  Minnesota ◦ 
New Hampshire ◦  Missouri ◦ 
Rhode Island ◦  Nebraska ◦ 
Vermont ◦  North Dakota ◦ 
South Dakota ◦ 
Pacific (PAC)
Alaska ◦  West South Central (WSC)
California ◦  Arkansas ◦  • 
Hawaii ◦  Louisiana ◦  • 
Oregon ◦  Oklahoma ◦  • 
Washington ◦  Texas ◦  • 
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Middle Atlantic (MA) South Atlantic (SA)
New Jersey ◦  • Delaware ◦  •
New York ◦  • Florida ◦  • 
Pennsylvania ◦  • Georgia ◦  • 
Maryland ◦  • 
East North Central (ENC) North Carolina ◦  • 
Illinois ◦  South Carolina ◦  • 
Indiana ◦  Virginia ◦  • 
Michigan ◦  West Virginia ◦  • 
Ohio ◦ 
Wisconsin ◦  East South Central (ESC)
Alabama ◦  • 
Mountain (MTN) Kentucky ◦  • 
Arizona ◦  Mississippi ◦  • 
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*** p < 0.01 ** p < 0.05 *p < 0.1
This table reports urban regression results by census division aggregate using state preferences.
Panel-corrected errors are listed in parentheses below the coefficient values.
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*** p < 0.01 ** p < 0.05 *p < 0.1
This table reports rural regression results by census division aggregate using state preferences.
Panel-corrected errors are listed in parentheses below the coefficient values.
31





























*** p < 0.01 ** p < 0.05 *p < 0.1
This table reports urban pooled regression results using state preferences. Panel-corrected
errors are listed in parentheses below the coefficient values.
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*** p < 0.01 ** p < 0.05 *p < 0.1
This table reports rural pooled regression results using state preferences. Panel-corrected errors
are listed in parentheses below the coefficient values.
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Table 5. Schooling Attainment: Urban White
Year NE MA ENC WNC SA ESC WSC MTN PAC U.S.
1900 8.3 7.7 7.9 8.2 6.6 6.5 6.1 8.0 8.7 7.8
1910 9.2 8.6 8.7 9.1 7.9 8.2 8.0 9.2 9.3 8.7
1920 10.3 9.9 10.2 10.6 9.7 9.8 9.6 10.8 10.8 10.1
1930 11.1 10.9 11.2 11.7 10.6 10.8 10.5 11.6 11.7 11.1
1940 12.1 11.8 12.0 12.4 11.4 11.5 11.2 12.2 12.4 11.9
1950 12.4 12.2 12.3 12.5 11.7 12.0 11.7 12.4 12.6 12.2
1960 13.5 13.4 13.5 13.6 12.7 12.7 12.6 13.3 13.4 13.2
1970 14.1 14.0 13.9 14.3 13.4 13.2 13.0 13.8 13.7 13.8
1980 14.5 14.7 14.6 14.7 14.2 14.2 14.2 14.3 14.3 14.4
1990 15.0 14.9 14.7 14.8 14.4 14.6 14.4 14.3 14.5 14.6
2000 15.9 15.6 15.5 15.6 15.3 15.4 15.0 15.0 15.2 15.4
2010 16.5 16.4 16.2 16.2 16.2 16.0 15.6 15.7 15.9 16.0
This table reports constructed values for years of urban schooling by cohort from
1900–2010 for white urban by census division. Values are rounded to the closest tenth.
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Table 6. Schooling Attainment: Urban Black
Year NE MA ENC WNC SA ESC WSC MTN PAC U.S.
1900 7.9 6.9 7.5 6.8 4.3 4.3 3.8 7.6 7.9 4.9
1910 9.1 8.2 8.4 8.6 6.6 6.9 6.7 8.8 9.1 7.2
1920 10.0 9.4 9.8 9.9 8.7 8.6 8.8 10.2 10.8 9.1
1930 11.2 10.7 11.0 10.9 9.4 9.7 9.9 11.1 12.0 10.1
1940 12.2 11.8 12.0 12.0 10.5 10.6 10.8 12.1 12.6 11.1
1950 12.4 12.1 12.2 12.2 11.2 11.6 11.3 12.2 12.5 11.8
1960 12.7 12.5 12.7 12.6 12.0 12.3 12.1 12.8 12.7 12.4
1970 13.4 13.4 13.5 13.3 12.7 13.0 12.6 13.6 13.0 13.1
1980 14.1 14.0 13.9 13.6 13.6 13.7 13.7 13.8 14.0 13.8
1990 14.6 14.2 14.0 13.8 14.1 14.1 14.0 13.8 14.2 14.1
2000 15.4 15.0 14.8 14.5 14.9 15.0 14.7 14.6 15.2 14.9
2010 16.1 15.5 15.6 15.3 15.6 15.4 15.1 15.7 15.8 15.5
This table reports constructed values for years of urban schooling by cohort from
1900–2010 for black urban by census division. Values are rounded to the closest tenth.
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Table 7. Schooling Attainment: Rural White
Year NE MA ENC WNC SA ESC WSC MTN PAC U.S.
1900 8.5 8.0 8.3 8.6 6.8 6.9 6.6 7.9 8.9 7.8
1910 9.3 8.8 9.1 9.2 8.1 8.2 7.9 8.8 9.2 8.7
1920 9.9 9.7 10.1 10.1 9.1 9.5 8.9 9.8 10.3 9.6
1930 10.8 10.6 10.7 10.8 9.7 9.7 9.7 10.7 11.1 10.3
1940 11.5 11.2 11.1 11.0 10.2 9.2 10.3 11.0 11.2 10.6
1950 11.7 11.5 11.6 11.6 10.8 10.4 11.2 11.5 11.6 11.2
1960 12.7 12.6 12.4 12.5 11.7 11.4 11.9 12.3 12.6 12.2
1970 13.4 13.0 12.8 13.1 12.2 11.7 12.1 12.8 12.9 12.6
1980 13.9 13.7 13.7 13.5 13.2 12.9 13.2 13.3 13.6 13.4
1990 14.6 14.3 14.1 14.2 13.9 13.5 13.9 14.0 14.2 14.0
2000 15.2 14.8 14.8 14.9 14.8 14.4 14.3 14.6 14.6 14.7
2010 15.7 15.3 15.4 15.2 15.6 15.1 14.7 14.9 14.8 15.2
This table reports constructed values for years of rural schooling by cohort from
1900–2010 by white rural by census division. Values are rounded to the closest tenth.
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Table 8. Schooling Attainment: Rural Black
Year NE MA ENC WNC SA ESC WSC MTN PAC U.S.
1900 7.7 7.1 7.8 7.1 4.5 4.5 4.4 7.7 8.1 4.6
1910 8.7 8.1 7.6 7.8 6.1 6.1 5.7 8.2 8.4 6.1
1920 9.5 9.2 9.9 8.5 7.5 7.4 7.4 8.9 9.3 7.5
1930 10.1 10.2 10.5 9.6 8.4 8.7 8.9 10.0 10.8 8.7
1940 11.1 10.9 10.9 10.3 9.4 9.4 9.9 10.5 11.3 9.5
1950 11.7 10.9 11.6 11.5 10.4 10.9 11.0 11.2 11.5 10.7
1960 13.6 12.0 12.5 13.3 11.1 11.8 11.7 12.2 12.3 11.6
1970 13.6 13.0 12.4 14.3 12.0 12.2 12.3 13.7 13.2 12.4
1980 13.8 13.9 13.8 13.4 13.1 13.1 13.3 14.2 13.6 13.2
1990 15.4 14.0 14.2 14.2 13.7 13.7 13.9 14.4 14.3 13.7
2000 16.0 14.4 14.6 14.6 14.3 14.6 14.3 14.2 14.2 14.4
2010 17.2 14.9 15.8 15.1 14.8 15.3 14.5 14.8 14.4 14.9
This table reports constructed values for years of rural schooling by cohort from
1900–2010 by black rural by census division. Values are rounded to the closest tenth.
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Table 9. Kappa: Urban White
Year NE MA ENC WNC SA ESC WSC MTN PAC
1900 0.902 1.390 0.883 0.923 1.148 0.969 0.994 0.641 1.296
1910 0.912 1.470 1.065 1.156 1.174 0.988 0.864 0.997 1.592
1920 1.036 1.495 1.104 1.048 1.148 0.873 0.723 0.766 1.351
1930 1.128 1.556 1.193 1.136 1.154 0.999 0.869 0.802 1.535
1940 1.154 1.541 1.104 1.047 1.153 1.003 0.892 0.699 1.429
1950 1.298 1.427 0.912 0.798 0.864 0.773 0.730 0.556 1.067
1960 0.969 1.393 1.003 0.834 1.089 0.923 0.844 0.642 1.084
1970 0.778 1.401 1.093 0.892 1.178 0.976 0.986 0.776 1.172
1980 0.772 1.323 1.076 0.931 1.221 1.023 1.000 0.784 1.053
1990 1.059 1.504 0.983 0.838 1.125 0.947 0.887 0.665 1.118
2000 0.896 1.437 1.043 0.922 1.310 1.064 0.917 0.740 0.969
2010 0.946 1.303 1.024 0.918 0.942 1.119 0.938 0.790 0.933
This table reports the calibrated values of κ in solving for fitted fertility and schooling
from 1900–2010 by census division. Values are rounded to the closest thousandth.
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Table 10. Kappa: Urban Black
Year MA SA ESC WSC
1900 1.801 1.480 1.910 1.368
1910 2.501 1.477 1.759 1.310
1920 1.623 1.299 1.535 1.285
1930 1.864 1.452 1.498 1.365
1940 1.431 1.172 1.597 1.412
1950 1.454 1.089 1.093 1.105
1960 1.294 0.837 0.780 0.869
1970 1.141 0.778 0.676 0.802
1980 0.948 0.875 0.823 0.914
1990 0.867 0.730 0.696 0.783
2000 0.872 0.787 0.713 0.834
2010 1.433 1.041 1.077 0.840
This table reports the calibrated values of κ in solving for fitted fertility and schooling
from 1900–2010 by census division. Values are rounded to the closest thousandth.
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Table 11. Kappa: Rural White
Year NE MA ENC WNC SA ESC WSC MTN PAC
1900 0.973 1.399 0.677 0.401 0.456 0.521 0.263 0.238 0.586
1910 0.836 1.242 0.699 0.417 0.388 0.474 0.240 0.346 0.705
1920 0.838 1.694 0.750 0.435 0.437 0.506 0.290 0.319 0.722
1930 0.902 1.580 0.777 0.475 0.458 0.509 0.325 0.308 0.814
1940 0.750 1.906 0.596 0.438 0.386 0.477 0.311 0.281 0.640
1950 0.955 1.363 0.511 0.380 0.379 0.455 0.281 0.242 0.519
1960 0.859 1.289 0.754 0.556 0.690 0.698 0.516 0.398 0.650
1970 0.860 1.149 0.931 0.705 0.881 0.822 0.655 0.530 0.776
1980 0.590 1.096 0.805 0.587 0.646 0.644 0.500 0.463 0.711
1990 0.555 1.740 0.676 0.477 0.609 0.592 0.484 0.369 0.555
2000 0.692 1.588 0.667 0.469 0.716 0.680 0.526 0.392 0.438
2010 0.911 1.900 0.715 0.515 0.797 0.768 0.543 0.448 0.568
This table reports the calibrated values of κ in solving for fitted fertility and schooling
from 1900–2010 by census division. Values are rounded to the closest thousandth.
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Table 12. Kappa: Rural Black
Year SA ESC WSC
1900 1.180 1.240 1.512
1910 1.322 1.382 1.629
1920 1.149 1.519 1.261
1930 1.046 1.396 1.117
1940 0.915 1.133 1.072
1950 0.791 0.818 0.789
1960 0.501 0.432 0.504
1970 0.477 0.450 0.490
1980 0.665 0.664 0.721
1990 0.751 0.963 0.760
2000 0.832 1.060 0.878
2010 0.764 1.206 0.790
This table reports the calibrated values of κ in solving for fitted fertility and schooling
from 1900–2010 by census division. Values are rounded to the closest thousandth.
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Table 13. Density: Urban White
Year NE MA ENC WNC SA ESC WSC MTN PAC
1900 2.166 7.482 0.487 1.480 3.536 0.349 0.496 0.034 2.131
1910 2.286 11.527 0.781 1.965 3.785 0.480 0.426 0.706 1.723
1920 2.655 18.852 1.118 2.179 2.288 0.374 0.388 0.887 1.890
1930 2.653 14.518 1.589 2.082 2.060 0.471 0.398 0.991 2.041
1940 2.580 14.392 1.681 1.921 1.943 0.514 0.421 0.987 1.684
1950 2.409 13.686 1.753 1.607 1.499 0.524 0.400 0.912 1.726
1960 1.934 10.528 1.836 1.112 1.330 0.506 0.455 0.745 1.430
1970 1.745 9.296 1.792 0.874 1.194 0.469 0.561 0.516 1.316
1980 1.657 7.572 1.591 0.713 1.025 0.540 0.670 0.397 1.222
1990 1.627 6.924 1.524 0.731 1.055 0.569 0.787 0.349 1.305
2000 1.451 6.035 1.400 0.707 0.951 0.519 0.856 0.408 1.338
2010 1.653 5.757 1.481 0.669 0.939 0.382 1.050 0.402 1.500
This table reports the urban white density used in the modeled solutions from 1900–2010
by census division. Values are rounded to the closest thousandth.
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Table 14. Density: Urban Black
Year MA SA ESC WSC
1900 9.813 2.231 0.339 0.428
1910 13.447 2.926 0.309 0.513
1920 28.948 2.377 0.294 0.613
1930 26.996 2.121 0.327 0.622
1940 28.785 2.091 0.357 0.649
1950 29.516 1.898 0.382 0.663
1960 31.501 1.989 0.421 0.703
1970 21.486 2.213 0.449 0.828
1980 17.048 1.593 0.477 0.928
1990 16.241 1.477 0.485 1.015
2000 18.007 1.388 0.319 0.976
2010 16.325 1.303 0.536 1.179
This table reports the urban black density used in the modeled solutions from 1900–2010
by census division. Values are rounded to the closest thousandth.
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Table 15. Density: Rural White
Year NE MA ENC WNC SA ESC WSC MTN PAC
1900 0.377 5.043 0.284 0.214 0.684 0.070 0.010 0.003 0.115
1910 0.154 5.452 0.323 0.167 0.683 0.084 0.012 0.083 0.120
1920 0.116 5.359 0.366 0.094 0.352 0.092 0.019 0.051 0.139
1930 0.572 6.309 0.584 0.104 0.365 0.090 0.020 0.039 0.278
1940 0.512 7.243 0.485 0.106 0.394 0.084 0.021 0.044 0.126
1950 1.080 6.944 0.682 0.243 0.888 0.068 0.061 0.060 0.190
1960 0.963 6.300 0.861 0.313 0.440 0.114 0.117 0.104 0.143
1970 0.841 4.817 0.918 0.353 0.428 0.176 0.130 0.132 0.186
1980 0.167 0.671 0.608 0.239 0.186 0.094 0.087 0.074 0.131
1990 0.178 2.235 0.449 0.180 0.172 0.070 0.069 0.067 0.118
2000 0.319 2.466 0.315 0.130 0.136 0.050 0.064 0.043 0.101
2010 0.249 4.583 0.365 0.123 0.236 0.053 0.087 0.065 0.132
This table reports the rural white density used in the modeled solutions from 1900–2010
by census division. Values are rounded to the closest thousandth.
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Table 16. Density: Rural Black
Year SA ESC WSC
1900 0.232 0.007 0.017
1910 0.200 0.007 0.016
1920 0.125 0.008 0.016
1930 0.098 0.011 0.021
1940 0.126 0.012 0.025
1950 0.155 0.016 0.033
1960 0.333 0.038 0.124
1970 0.216 0.081 0.110
1980 0.117 0.041 0.077
1990 0.112 0.026 0.087
2000 0.135 0.030 0.089
2010 0.132 0.042 0.172
This table reports the rural black density used in the modeled solutions from 1900–2010
by census division. Values are rounded to the closest thousandth.
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2. Growth from Integration:
Measuring Improvements to
Urban and Rural Welfare
1 Introduction
Did discrimination occur more on an urban level or rural level during the Jim
Crow era? Did the integration of schools lead to similar equality levels for rural and
urban areas? To what degree did Southern census divisions exhibit varying levels of
discrimination? To better answer these questions, we can turn to measures of welfare
analysis. While past papers may choose to focus on earnings or Mincerian returns to
gauge levels of discrimination, this paper instead proposes a welfare analysis based
on calibrated cost of schooling values. Through cost of schooling values, it is possible
to compute human capital levels as well as measures of compensating variation and
equivalent variation. If the white cost of schooling were imposed on a black individual
in that same location (either urban or rural), we can better understand how this
contributes to access to opportunity. In other words, how much would an individual
been willing to relinquish of their wealth just to have been treated the same as
the alternative race in that state? We can then compare these constructed values
between urban and rural settings to identify whether there was more equal treatment
in rural areas or urban.
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This paper contributes to growth economics literature by 1) presenting original
measures of welfare costs on an urban-rural level from 1900–2010, 2) evaluating the
human capital ratio on an urban versus rural level towards access to opportunity, and
3) highlighting differences between census divisions and states towards normalization
after Jim Crow. These distinctions especially may serve as a suggestion for future
state policy analysis. What we find is that prior to integration of schools, urban
discrimination occurred more than rural. However, upon the integration of schools
with Brown v Board of Education, we find that normalization occurred more in urban
areas than rural, signaling even greater equality and access to opportunity.
In section 2, background is provided on the Jim Crow era and integration of
schools. Section 3 provides discussion of human capital improvements over time, and
Section 4 inspects welfare cost measurements in urban areas versus rural. Finally,
supplemental tables and figures are presented at the end of the paper to offer greater
detail of the welfare analysis by decade and census division.
2 Background
To better characterize the changes in welfare over time, we can first consider two
periods of U.S. history: the Jim Crow era (1877–1965) and the post-Jim Crow era
(1965–2010). The Jim Crow era is defined as the period of time commencing with the
departure of troops from the South with the Compromise of 1877 until the integration
of schools with Brown v Board of Education (1954) and the successful enactment of
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the Voting Rights Act of 1965.1 During this time period, the Plessy v Ferguson ruling
of “separate but equal” dominated social life, leading to separate neighborhoods,
schoolhouses, and also transportation for white and black populations.2 Roback
(1986) explores how streetcars and public transportation resisted rigid racial divides.
Where this largely could be applied to urban settings, it also may contribute to
increased equality in Northern states in comparison to Southern states. In contrast,
Glasrud (1974) explores, with a focus on Texas, how continuous state policies in 1907,
1935, and 1943 created unequal treatment for transport systems. Where we tend to
consider Jim Crow laws and social treatment persisting in the South Atlantic, East
South Central, and West South Central divisions, a Middle Atlantic state like New
York may have experienced greater change in social welfare because of the frequent
interactions between people. With the greatest relative densities experienced in
Middle Atlantic states, this may have necessitated faster normalization. So rather
than consider access to opportunity broadly on a national level, it may be more
insightful to consider the issue of normalization by state or census division.
With fundamentally disjoint education systems, this contributes to contrasting
levels of schooling attainment between white and black individuals during Jim Crow.
On an urban-rural level, Boozer et al. (1992) conclude that “racial isolation” pre-
vailed in urban as opposed to rural schools. What Reber (2010) finds is that where
the cost of schooling may have increased during desegregation, a corresponding in-
1Peskin (1973) as well as Dozier and Munn (2020) provide historical analysis of Jim Crow laws
following the Compromise of 1877.
2Wisdom (1996) highlights incidences of divided society in a retrospective of Plessy v Ferguson,
especially characterizing transportation. Boozer et al. (1992) focus on distinctions in schooling
quality linked to costs per pupil during the Jim Crow era, again contributing to lesser opportunity
for black individuals.
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crease in schooling attainment occurs, reflecting increases in opportunity and wel-
fare.3 However, Baum-Snow and Lutz (2011) find statistical evidence that racial
divides persisted to the point that integration of schools actually discouraged white
enrollment. This is further supported on an urban-rural level with little change to
white schooling attainment for the 1950 cohort, reflected in tables 5 and 7 in the
prior paper, “Fertility, Demographic Change, and Economic Growth: Urban and
Rural Evidence.”
Directly stemming from schooling attainment and levels of human capital is em-
ployment. Anderson and Halcoussis (1996) find that a gap in opportunity emerges
during the Jim Crow era towards jobs and careers between white and black individ-
uals, with Litwack (2004) identifying the period of time between 1890 and 1915 as
sharply creating boundaries. This is similar to the finding of Tamura et al. (2016)
in that discriminatory costs (noted through black compensating variation) remain
fairly similar over the 1900–1950 period to the 1870–1890 period for the Southern
census divisions relative to other regions of the United States.
With the implementation of Brown v Board of Education as well as the Voting
Rights Act of 1965, tremendous improvement occurs in terms of both social costs as
well as schooling attainment between white and black individuals.4 Boustan (2012)
finds a reduction in urban housing prices during the period of integration. With
it previously noted that the expected years of urban black schooling exceeded rural
3This complements the urban-rural wedges or cost of schooling values (κ) from the previously
calibrated model.
4Increases in black schooling attainment occurs as a result of higher summed enrollment rates for
a cohort. Guryan (2004) finds evidence of lower dropout rates (and therefore a higher enrollment
rate) in support of this point.
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black schooling, lower costs of living may result in increased relocation.5 But another
change that can be considered is in terms of health and well-being. Frisvold (2013)
concludes that white and black distinctions become diminished following integra-
tion, also observed on both an urban and rural level for young adult mortality risk
and infant mortality in the earlier paper of this dissertation. To further highlight
improvements to schooling attainment and wealth, we next turn to a discussion of
human capital.
3 Improvements to Human Capital
When we think about human capital, it reflects the accumulation of one’s knowl-
edge, skills, and schooling achievement. We can consider it much in the same way
as wealth. During the Jim Crow era, the difference in human capital levels between
white and black individuals remained in sharp contrast, with the white population
of states having significantly higher levels of education. For example, the difference
in schooling attainment in the South Atlantic in 1900 was roughly 2.3 years on both
urban and rural levels.6 Where it has previously been well-documented in labor
economics literature of returns from schooling, the human capital of individuals also
contributes towards their likelihood of being employed and gaining access to the
5Canaday and Tamura (2009) consider this specific topic in the state of South Carolina. Further,
Donohue et al. (2002) find that such movements did not result in any changes to schooling quality
differences between urban and rural schools. Where this paper does not consider measurements
of school quality, Rivkin (2000) identifies it as a key factor to evaluate for employment access and
opportunity.
6Measures of schooling attainment have been previously constructed on an urban-rural level by
state from 1900–2010 in the prior paper, “Fertility, Demographic Change, and Economic Growth:
Urban and Rural Evidence.”
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workplace.
Carruthers and Wanamaker (2017) identify that contrasts in the human capital
levels contribute to the disparity in black and white opportunities. In particular,
states in the East South Central census division reflect the starkest comparisons.
Supported by Figure 1, the 1920 parental human capital ratio (
hwit
hbit
) is roughly 48.96
for the East South Central division on an urban level and 55.49 on a rural level.7
The levels of parental human capital by census division, year, race, and urban-rural
location are provided in tables 1–4. In these tables, parental human capital values are
reported through 2030, possible by extension of young adult human capital values.8
We observe greater human capital inequality for the East South Central and South
Atlantic divisions than the West South Central. We also find less inequality between
white-black human capital for the urban Middle Atlantic than the urban East South
Central, South Atlantic, and West South Central. We observe that the human capital
ratio is declining for both urban and rural areas during the Civil Rights Movement,
indicating less inequality between white and black individuals, which is consistent
with Tamura et al. (2016). From determining these human capital levels and ratios,
we now proceed with welfare analysis through the construction of compensating and
equivalent variation.
7This includes the states of Alabama, Kentucky, Mississippi, and Tennessee. Where this is com-
puted as a divisional population-weighted average, urban Kentucky experiences a ratio of roughly
28.97 while urban Mississippi encounters greater contrast in human capital levels with a ratio of
roughly 79.76. On a rural level, Kentucky and Mississippi experience human capital ratios of 28.17
and 74.61 respectively.
8The 2000 young adult human capital value is equivalent to the 2020 parental human capital
value; the 2010 young adult human capital value is equivalent to the 2030 parental human capital
value.
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4 Welfare Cost Measurements
4.1 Formulation
The empirical model from the paper “Fertility, Demographic Change, and Eco-
nomic Growth: Urban and Rural Evidence” produces different schooling prices faced
by black families compared to their white neighbors. The typical black family faced
higher schooling prices than their white neighbors as a result of discrimination. The
model can solve for the welfare costs these price differences imposed on blacks. For
example, how would a black parent in an urban area respond in 1900 if his or her child
faced the urban white schooling cost? How much would he or she be willing to give
up just to realize the alternative κ?9 It can also be evaluated though in the opposite
direction. In the case of Kelley v Board (1979) and further analyzed by Woodward
(2011), white individuals in Nashville, Tennessee claimed that they were adversely
affected from the integration of schools. Where this resistant viewpoint can largely
be considered during the years surrounding Brown v Board of Education (1954), we
can think about welfare cost measurements and improvements over time. To further
examine this area, we turn to equivalent variation and compensating variation.
As for notation, let t define time or the cohort year, b and w define black and
white races respectively, r density, h human capital, and κ as the cost of schooling.
Where an individual looks to maximize utility as a function of human capital h, we
can then define
9Black rural relocation to black urban areas within the same state imply different prices of
space, and different mortality risk. Also if β and ν are capturing location-specific amenities, then
one would need to change these for the mover. We abstract from these considerations by only
considering variations in local schooling prices.
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as the black urban equivalent variation.10 Similarly, we can write the urban black
compensating variation as























We can similarly write statements for white equivalent variation, given by























and white compensating variation, shown by























Upon calculating (3) and (4), we then multiply white equivalent variation and




reflects is then the welfare measures overall as a fraction of black wealth. This follows




) changes over time, this is presented in Figure 1(a) and 1(b) by urban and
rural respectively.
10We could similarly write a statement for black rural equivalent variation with rural scripts
being used in all values instead of urban. All rural compensating variation and equivalent variation
measurements appearing in the subsequent tables have been calculated using this procedure.
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In general, what we observe is that this ratio declines over time in both the urban







)rural, exemplified by similar shapes in each of
the figures 1(a) and 1(b). Further, the Middle Atlantic and West South Central
tend to observe a closer relative ratio to each other from 1900–1950 in contrast to
states in the East South Central and South Atlantic divisions. But we see greater
convergence of the ratios by census division beginning in 1960, supporting the idea
of normalization from the integration of schools with Brown v. Board of Education.
Tables 5–13 present measurements of the compensating variation and equivalent
variation by census division from 1900–2010. While Table 5 illustrates the average
welfare values over the time periods of 1900–1950 (during the Jim Crow era) and
then 1960–2010 (during integration), Tables 6–13 provide the welfare values during
the individual years to provide greater detail towards normalization. All values are
presented as weighted averages with respect to the black population in the respective
area, urban or rural. Where the white equivalent variation reflects the amount a
white parent would be willing to offer to not face the inefficiency of black schooling,
the white compensating variation is the amount that would need to be paid to a white
individual to offset the inefficiency of black schooling. Where the black compensating
variation reflects the amount a black parent would be willing to offer to face the
efficiency of white schooling, the black equivalent variation is the amount that would
need to be paid to a black person.
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4.2 Results
In looking at black equivalent variation ∆bt , urban black parents in the East South
Central division in 1900 would have required an additional 5.55 times their lifetime
wealth h to have experienced the utility if they instead had faced an urban white cost
of schooling κw,urban. While the greatest discrimination occurred in the East South
Central states of Alabama and Mississippi, we also see rapid normalization occurring
in this division over the period 1900–1930. As for rural black equivalent variation,
in the East South Central division we notice little normalization over the period
1900–1930, suggesting lingering discrimination. In general, we also tend to notice
that for the East South Central and South Atlantic divisions that ∆b,urbant > ∆
b,rural
t
in 1900. Orfield and Frankenberg (2008) find evidence of greater normalization in
rural areas than cities and urban areas. In looking at the period averages from Table
1 as opposed to individual years, this result is also shown. What this suggests is that
discriminatory costs in access to schooling was more prominent in urban areas than
rural for the United States during the Jim Crow era. Also, relative to the aggregate
welfare measurements of Tamura et al. (2016), we tend to find a diminished level of
discrimination from the urban and rural specifications. Part of the reasoning behind
this is from differing calibrated cost of schooling κ values in which modeled schooling
attainment tightly fits observed schooling attainment in states.
The urban black equivalent variation ∆b,urbant changes from positive to negative
algebraic sign in 1960 for the South Atlantic and East South Central census divisions.
The Western South Central divisions experiences this shift in 1970, and the Middle
Atlantic in 1980. These observations are consistent with the findings of Tamura et
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al. (2016) when determined on the state level by race. What the negative algebraic
sign for equivalent variation reflects is welfare increases for urban black individuals
as they would not have required additional lifetime wealth to achieve the same utility
as would have been observed by facing a κw,urban. For a given census year, we assume
that children are born 11 years prior. So the 1980 cohort assumes that individuals
are born in 1969, following Brown v Board of Education in 1954 and the Voting
Rights Act of 1965. The switch in the 1980 urban black equivalent variation sign
from positive to negative for the Middle Atlantic identifies welfare improvements for
urban black children born after the integration of schools. We similarly find that
rural black equivalent variation ∆b,ruralt changes in algebraic sign from positive to
negative in 1960 in the South Atlantic and East South Central divisions and even
earlier for West South Central in 1950. This again supports the idea of increased
welfare improvements over time, though occurring prior to integration.
What also is noteworthy in the welfare calculations is that by extending the
analysis through 2010, another shift occurs for black equivalent variation in 2010.
For the urban Middle Atlantic, South Atlantic, and East South Central divisions, we
see a reversion back to the algebraic sign experienced prior to integration, suggesting
an increasing gap between white and black access to schooling.11 Though relatively
small, we see black equivalent variation for the Middle Atlantic adjust from -0.012
times their lifetime wealth to 0.062 times their wealth to experience the utility if
they instead faced the urban white cost of schooling. We observe similar cases in the
11For the Middle Atlantic, this is experienced by all three states of New Jersey, New York, and
Pennsylvania. For the South Atlantic, this occurs for Delaware, Florida, North Carolina, and
Virginia. For the East South Central, this occurs for Mississippi and Tennessee.
74
South Atlantic and East South Central divisions; the South Atlantic experiences an
adjustment from -0.018 times lifetime wealth to 0.008, and the East South Central
from -0.036 times lifetime wealth to 0.038. Rural black equivalent variation, though
not changing in sign from 2000 to 2010 for any census division, is fairly close to 0 for
the West South Central division. Where this paper considers decadal adjustments to
calibrated schooling costs and the resulting welfare measurements, these observations
may be interesting to evaluate further with extension to 2020.
5 Conclusion
From determining the compensating and equivalent variation, we generally find
that the discriminatory costs are greater in urban areas than rural during the Jim
Crow era. States in the Southern census divisions also faced greater discrimination
than the Middle Atlantic in urban areas. What we observe is there is tremendous
normalization from 1950–1970 during the period of integration of schools in terms
of social welfare. We also find that the human capital ratio between the white and
black population in both urban and rural areas tends to converge over time, reflecting
greater access to schooling and employment opportunities.
Future research may explore the motivations behind the shifts in algebraic sign of
the welfare costs in 2010. For example, in the state of New York on an urban level,
we find that black equivalent variation shifts from -0.012 to 0.029 between 2000 and
2010. What this means is that a black individual in urban New York would have
been willing to sacrifice 0.029 times their lifetime wealth if they instead had faced
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the urban white cost of schooling. Though relatively small in comparison to 1900,
this shift in 2010 could result from unequal access to private education, for example.
Further consideration of measures of school quality (such as with student-teacher
ratios, performance on standardized exams, and access to Advanced Placement and
International Baccalaureate programs) could further disentangle the question. With
the cost of private schooling serving as a barrier for many individuals who previously
have not saved, this may contribute to a distinction in 2010 by race. Further analysis
of state policies may shed light on this occurrence.
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7 Tables
Table 1: Parental Human Capital: Urban White
Year NE MA ENC WNC SA ESC WSC MTN PAC
1900 24.677 22.054 15.751 12.323 10.077 9.969 10.852 13.022 13.779
1910 26.656 25.132 19.229 14.903 12.501 14.132 13.678 15.785 16.290
1920 33.860 30.890 24.127 20.445 15.889 15.394 17.013 19.731 22.464
1930 37.256 35.332 29.124 24.737 20.253 23.069 22.746 24.953 26.289
1940 47.235 44.218 37.652 34.189 27.294 28.024 29.523 32.563 36.435
1950 52.636 50.890 45.139 41.089 35.023 38.587 38.259 39.972 42.734
1960 66.751 64.053 58.221 55.163 46.924 47.841 39.422 51.786 57.079
1970 74.754 73.072 68.132 64.692 57.554 67.671 61.199 63.246 65.466
1980 94.845 92.526 87.835 85.305 76.556 77.718 79.041 82.137 86.651
1990 106.929 105.458 101.512 99.063 91.515 95.184 94.826 97.478 99.089
2000 135.506 133.787 130.305 128.406 120.340 121.629 122.810 125.140 129.164
2010 153.020 151.510 148.495 148.826 139.834 144.282 143.190 143.672 146.358
2020 194.400 192.853 189.991 188.593 182.430 183.566 184.156 185.981 189.098
2030 233.007 231.639 228.991 226.850 222.214 225.039 223.984 224.316 226.430
This table reports urban white parental human capital values by race and by
census division from 1900–2030. Values are rounded to the closest thousandth. The
2020 and 2030 parental human capital values correspond with the 2000 and 2010
young adult human capital values respectively.
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Table 2: Parental Human Capital: Urban Black
Year MA SA ESC WSC
1900 1.481 0.161 0.134 0.373
1910 2.562 0.265 0.248 0.668
1920 3.742 0.468 0.337 1.068
1930 6.602 0.972 0.923 1.845
1940 10.303 2.036 1.747 3.197
1950 17.121 4.177 3.980 5.477
1960 26.714 8.470 7.567 10.227
1970 37.730 15.104 15.028 16.684
1980 54.591 26.547 25.567 27.212
1990 72.512 41.189 41.969 40.013
2000 100.575 65.168 64.006 72.459
2010 123.740 90.749 92.075 87.416
2020 166.411 133.001 132.087 137.388
2030 208.054 178.210 179.288 171.365
This table reports urban black parental human capital values by race and by
census division from 1900–2030. Values are rounded to the closest thousandth. The
2020 and 2030 parental human capital values correspond with the 2000 and 2010
young adult human capital values respectively.
80
Table 3: Parental Human Capital: Rural White
Year NE MA ENC WNC SA ESC WSC MTN PAC
1900 23.537 21.029 15.529 12.114 8.968 9.734 10.543 11.198 14.060
1910 25.625 24.449 18.929 14.688 11.610 14.104 13.484 13.826 16.592
1920 32.604 29.566 24.142 20.081 14.964 15.726 16.794 17.959 22.791
1930 36.449 34.822 29.236 24.444 19.843 23.166 21.956 23.000 26.481
1940 46.182 42.952 37.596 33.186 26.239 28.041 28.249 30.143 36.213
1950 52.020 50.285 44.908 40.145 34.302 37.262 36.154 37.827 42.385
1960 65.813 62.739 57.367 53.092 44.408 45.057 46.696 49.986 55.574
1970 73.624 72.210 67.260 62.850 55.371 58.564 58.047 60.352 63.888
1980 93.514 90.909 86.025 82.291 72.740 73.090 75.345 79.335 84.927
1990 105.636 103.989 99.645 95.972 87.831 90.369 90.686 93.533 96.850
2000 133.403 131.302 127.584 124.455 115.223 115.997 118.395 120.975 126.904
2010 152.027 150.464 146.431 143.742 138.370 139.419 141.653 143.031 145.486
2020 192.086 190.087 187.614 185.143 178.941 179.075 180.232 182.619 186.982
2030 231.129 229.312 226.460 224.158 219.827 220.798 222.456 223.551 224.540
This table reports rural white parental human capital values by race and by
census division from 1900–2030. Values are rounded to the closest thousandth. The
2020 and 2030 parental human capital values correspond with the 2000 and 2010
young adult human capital values respectively.
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Table 4: Parental Human Capital: Rural Black
Year SA ESC WSC
1900 0.140 0.119 0.373
1910 0.228 0.194 0.668
1920 0.396 0.310 1.068
1930 0.726 0.661 1.845
1940 1.547 1.305 3.197
1950 3.069 2.819 5.477
1960 5.913 5.426 10.227
1970 11.230 11.203 16.684
1980 19.625 19.960 27.212
1990 32.705 33.798 40.013
2000 53.491 55.106 72.459
2010 79.008 82.310 87.416
2020 117.606 121.465 137.388
2030 164.925 169.421 171.365
This table reports rural black parental human capital values by race and by census
division from 1900–2030. Values are rounded to the closest thousandth. The 2020
and 2030 parental human capital values correspond with the 2000 and 2010 young
adult human capital values respectively.
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Table 5: Welfare Costs by Time Period and Census Division
Period MA SA ESC WSC
1900–1950 −Ωw,urbant -0.284 -2.009 -2.776 -0.832
−Ωb,urbant -0.294 -0.443 -0.523 -0.322
∆w,urbant 0.303 2.217 3.057 0.898
∆b,urbant 0.470 1.405 1.870 0.746
1960–2010 −Ωw,urbant -0.021 0.090 0.138 0.068
−Ωb,urbant 0.007 0.013 0.020 0.015
∆w,urbant 0.017 -0.085 -0.129 -0.064
∆b,urbant -0.006 -0.011 -0.017 -0.015
1900–1950 −Ωw,ruralt -1.011 -2.747 -1.138
−Ωb,ruralt -0.362 -0.537 -0.395
∆w,ruralt 1.119 2.928 1.270
∆b,ruralt 1.281 2.011 1.328
1960–2010 −Ωw,ruralt 0.437 0.491 0.334
−Ωb,ruralt 0.049 0.043 0.044
∆w,ruralt -0.385 -0.433 -0.296
∆b,ruralt -0.045 -0.033 -0.041
This table reports welfare cost measurements (compensating variation and equiv-
alent variation) by race and urban-rural location by census division over the periods
1900–1950 and 1960–2010. Values are rounded to the closest thousandth.
83
Table 6: Urban White Equivalent Variation: −Ωw,urbant
Year MA SA ESC WSC
1900 -0.869 -6.126 -8.514 -1.681
1910 -0.837 -4.649 -6.409 -2.009
1920 -0.415 -2.812 -4.214 -1.244
1930 -0.320 -1.662 -1.731 -0.945
1940 -0.154 -0.669 -1.284 -0.516
1950 -0.103 -0.181 -0.106 -0.095
1960 -0.056 0.282 0.390 0.177
1970 -0.023 0.194 0.237 0.118
1980 0.008 0.071 0.096 0.033
1990 0.018 0.103 0.099 0.065
2000 0.015 0.060 0.076 0.038
2010 -0.037 0.000 -0.005 0.030
This table reports the urban white equivalent variation from 1900–2010 by census
division. Values are rounded to the closest thousandth.
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Table 7: Urban White Compensating Variation: ∆w,urbant
Year MA SA ESC WSC
1900 0.927 6.683 9.501 1.831
1910 0.917 5.075 7.093 2.208
1920 0.440 3.162 4.626 1.332
1930 0.342 1.865 1.863 1.011
1940 0.161 0.725 1.403 0.549
1950 0.107 0.186 0.112 0.097
1960 0.058 -0.266 -0.363 -0.162
1970 0.024 -0.182 -0.224 -0.112
1980 -0.008 -0.068 -0.090 -0.032
1990 -0.018 -0.097 -0.095 -0.062
2000 -0.015 -0.057 -0.072 -0.037
2010 0.038 0.000 0.010 -0.029
This table reports the urban white compensating variation from 1900–2010 by
census division. Values are rounded to the closest thousandth.
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Table 8: Urban Black Equivalent Variation: ∆b,urbant
Year MA SA ESC WSC
1900 1.232 3.557 5.554 1.233
1910 1.103 2.888 3.740 1.492
1920 0.662 1.889 2.606 1.119
1930 0.546 1.450 1.483 0.952
1940 0.296 0.659 1.121 0.651
1950 0.224 0.236 0.177 0.144
1960 0.141 -0.003 -0.011 0.002
1970 0.058 -0.024 -0.036 -0.021
1980 -0.004 -0.005 -0.021 -0.008
1990 -0.014 -0.033 -0.034 -0.023
2000 -0.012 -0.018 -0.036 -0.016
2010 0.062 0.008 0.038 -0.016
This table reports the urban black equivalent variation from 1900–2010 by census
division. Values are rounded to the closest thousandth.
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Table 9: Urban Black Compensating Variation: −Ωb,urbant
Year MA SA ESC WSC
1900 -0.549 -0.717 -0.842 -0.391
1910 -0.524 -0.699 -0.775 -0.413
1920 -0.390 -0.568 -0.717 -0.506
1930 -0.351 -0.520 -0.589 -0.470
1940 -0.224 -0.343 -0.514 -0.391
1950 -0.181 -0.170 -0.123 -0.122
1960 -0.123 0.004 0.013 0.000
1970 -0.054 0.024 0.037 0.022
1980 0.004 0.006 0.022 0.008
1990 0.014 0.034 0.036 0.024
2000 0.013 0.020 0.038 0.017
2010 -0.058 -0.007 -0.028 0.016
This table reports the urban black compensating variation from 1900–2010 by
census division. Values are rounded to the closest thousandth.
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Table 10: Rural White Equivalent Variation: −Ωw,ruralt
Year SA ESC WSC
1900 -1.684 -4.544 -2.013
1910 -3.242 -4.650 -3.007
1920 -1.625 -4.083 -1.141
1930 -0.186 -1.842 -0.754
1940 0.633 -0.368 -0.209
1950 0.904 0.663 0.639
1960 1.206 1.253 0.779
1970 0.624 0.492 0.464
1980 0.257 0.216 0.153
1990 0.114 0.014 0.101
2000 0.057 -0.004 0.038
2010 0.057 0.000 0.018
This table reports the rural white equivalent variation from 1900–2010 by census
division. Values are rounded to the closest thousandth.
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Table 11: Rural White Compensating Variation: ∆w,ruralt
Year SA ESC WSC
1900 1.874 4.789 2.183
1910 3.469 4.904 3.339
1920 1.711 4.412 1.272
1930 0.213 1.935 0.816
1940 -0.597 0.388 0.223
1950 -0.823 -0.624 -0.590
1960 -1.042 -1.086 -0.679
1970 -0.553 -0.451 -0.416
1980 -0.238 -0.203 -0.145
1990 -0.109 -0.014 -0.097
2000 -0.055 0.005 -0.037
2010 -0.055 0.005 -0.018
This table reports the rural white compensating variation from 1900–2010 by
census division. Values are rounded to the closest thousandth.
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Table 12: Rural Black Equivalent Variation: ∆b,ruralt
Year SA ESC WSC
1900 2.592 2.634 2.388
1910 2.470 3.146 2.693
1920 1.736 2.858 1.352
1930 0.405 1.737 0.937
1940 0.048 0.622 0.435
1950 0.026 0.064 -0.018
1960 -0.076 -0.086 -0.072
1970 -0.082 -0.083 -0.073
1980 -0.038 -0.031 -0.027
1990 -0.023 0.009 -0.023
2000 -0.016 0.040 -0.010
2010 -0.024 0.082 -0.004
This table reports the rural black equivalent variation from 1900–2010 by census
division. Values are rounded to the closest thousandth.
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Table 13: Rural Black Compensating Variation: −Ωb,ruralt
Year SA ESC WSC
1900 -0.593 -0.541 -0.682
1910 -0.632 -0.753 -0.656
1920 -0.568 -0.735 -0.407
1930 -0.178 -0.632 -0.354
1940 -0.025 -0.289 -0.249
1950 -0.008 -0.034 0.019
1960 0.083 0.109 0.078
1970 0.090 0.090 0.079
1980 0.040 0.033 0.027
1990 0.024 -0.009 0.023
2000 0.016 -0.036 0.010
2010 0.025 -0.067 0.005
This table reports the rural black compensating variation from 1900–2010 by
census division. Values are rounded to the closest thousandth.
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Sourcing of Data Appendix
Introduction
This Sourcing of Data Appendix catalogues the sources of all data from 1900–2010
used in the working paper “Fertility, Demographic Change, and Economic Growth:
Urban and Rural Evidence.” Since a variety of sources are used including census
records, Mortality Statistics and Vital Statistics reports, IPUMS survey data, and
database records from the Centers for Disease Control and Prevention, this Sourcing
of Data Appendix carefully notes how the urban-rural data was located. Organized
by data series topic (e.g. fertility), this paper identifies the volume and table or
database used in collecting the data by individual year. If any data are then con-
structed from these initial measurements, then these processes are described as well.
Sourcing of Population Data
1900
Data for population counts we take from the 1900 Census of Population and
Housing, Volume 2: Population Pt 2, Table 2. Here, population counts are listed by
native white with native parents, native white with foreign parents, foreign white,
and total colored distinctions. To report the total white values, we sum native white
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with native parents, native white with foreign parents, foreign white values for each
of the respective age categories.
Since the urban-rural layer is missing from the Census data for population counts,
we apply urban-rural proportions provided by the State Library of Iowa, State Data
Center Program. For 1900, we have, by state, the percent of population in urban
areas and the percent of population for rural areas. This allows us to compute the
expected population count for urban-rural white categories as well as the urban-rural
colored categories.
1910
We use data from the 1910 Census of Population and Housing, Volumes 2 and 3:
Population, Table 8. Volume 2 provides data on the states Alabama-Montana, and
Volume 3 provides data on the states Nebraska-Wyoming.
For each state, data is presented by native white, foreign white, and negro cate-
gories with respect to the urban-rural specification. To report the total white popu-
lation, we take the sum of native white and foreign white counts.
1920
We use data from the 1920 Census of Population and Housing, Volume 3. Popu-
lation, 1920, Table 3. For each state, data is presented by native white, foreign-born
white, and negro categories. To report the total white population, we take the sum
of native white and foreign-born white counts.
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1930
The 1930 data is found in the 1940 Census of Population, Volume II. Charac-
teristics of the Population, Parts 1-7. Part 1 includes Alabama-Delaware, Part 2
includes Florida-Iowa, Part 3 includes Kansas-Michigan, Part 4 includes Minnesota-
New Mexico, Part 5 includes New York-Oregon, Part 6 includes Pennsylvania-Texas,
and Part 7 includes Utah-Wyoming. For each state, Table 7 is what provides us
urban/rural population data.
There, data is presented by urban as well as rural-nonfarm and rural-farm spec-
ifications. To report the urban and total rural values, we sum the data for rural-
nonfarm and rural-farm categories. Further, the data is presented by native white,
foreign white, and negro specifications. To report the total white and black counts,
we sum the data for native white and foreign white categories.
1940
We use data from the 1940 Census of Population, Volume II. Characteristics of the
Population, Parts 1-7. Part 1 includes Alabama-Delaware, Part 2 includes Florida-
Iowa, Part 3 includes Kansas-Michigan, Part 4 includes Minnesota-New Mexico,
Part 5 includes New York-Oregon, Part 6 includes Pennsylvania-Texas, and Part 7
includes Utah-Wyoming. For each state, Table 7 is what provides us urban/rural
population data.
There, data is presented by urban as well as rural-nonfarm and rural-farm spec-
ifications. To report the urban and total rural values, we sum the data for rural-
nonfarm and rural-farm categories. Further, the data is presented by native white,
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foreign white, and negro specifications. To report the total white and black counts,
we sum the data for native white and foreign white categories.
1950
We use data from the Census of Population and Housing, 1950, Volume II. Char-
acteristics of the Population, Table 15. Data is presented separately for each state
by urban-rural layers for white and nonwhite distinctions.
1960
We use data from the Census of Population and Housing, 1960, Volume I. Char-
acteristics of the Population, Table 16. Data is presented separately for each state
by urban-rural layers for white and nonwhite distinctions.
1970
We use data from the Census of Population and Housing, 1970. Volume I. Char-
acteristics of the Population, Table 20. Data is presented separately for each state
by urban-rural layers for white and negro distinctions.




We use data from the Census of Population and Housing, 1980, Volume I. Char-
acteristics of the Population, Chapter B, Table 19. Data is presented separately for
each state by urban-rural layers for white and black distinctions.
For the computation of enrollment rates, population counts are also collected
through IPUMS.
1990
We use data from the Census of Population and Housing, 1990, Chapter I -
General Population, Tables 20 and 21. Table 20 reports population counts for white
persons, and Table 21 reports population counts for black persons.
For the computation of enrollment rates, population counts are also collected
through IPUMS.
2000
We use data from the American Community Survey (ACS) through IPUMS.
Given that the sample data is not available by the urban-rural specification, we
instead use a metropolitan-nonmetropolitan proxy for this. We also use bridged-
race population data from the CDC’s WonderData for population counts (applying
urban-rural proportions from the State Library of Iowa’s State Data Center Program




We use data from the American Community Survey (ACS) through IPUMS.
Given that the sample data is not available by the urban-rural specification, we
instead use a metropolitan-nonmetropolitan proxy for this. We also use bridged-race
population data from the CDC’s WonderData for population counts (applying urban-
rural proportions from the State Library of Iowa’s State Data Center Program) for
the determination of mortality risk.
Sourcing of Fertility Data
1900
Since fertility data is not reported in Census records in 1900, we back out the data
from the 1940 Census of Population, Differential Fertility: 1940 and 1910, Fertility
for States and Large Cities, Table 32. For each state, data is presented by urban,
rural-nonfarm, and rural-farm specifications. To report the urban and total rural
values, we sum the data for rural-nonfarm and rural-farm categories. We collect
data on total women, total women ever married, and number of children ever born
from Table 32.
To transfer the data from 1910, we account for shifts in time with the reported
age categories. For example, the number of women ever married ages 25-29 years in
the year 1910 we treat as the number of women ever married ages 15-19 in the year
1900. We perform this process for each total women, total women ever married, and
number of children ever born.
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1910
We use data from from the 1940 Census of Population, Differential Fertility:
1940 and 1910, Fertility for States and Large Cities, Table 32. For each state, data
is presented by urban, rural-nonfarm, and rural-farm specifications. To report the
urban and total rural values, we sum the data for rural-nonfarm and rural-farm
categories. We collect data on total women, total women ever married, and number
of children ever born from Table 32.
1920
Since fertility data is not reported in Census records in 1920, we back out the data
from the 1940 Census of Population, Differential Fertility: 1940 and 1910, Fertility
for States and Large Cities, Table 31. For each state, data is presented by urban,
rural-nonfarm, and rural-farm specifications. To report the urban and total rural
values, we sum the data for rural-nonfarm and rural-farm categories. We collect
data on total women, total women ever married, and number of children ever born
from Table 31.
To transfer the data from 1940, we account for shifts in time with the reported
age categories. For example, the number of women ever married ages 35-39 years in
the year 1940 we treat as the number of women ever married ages 15-19 in the year
1920. We perform this process for each total women, total women ever married, and
number of children ever born.
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1930
Since fertility data is not reported in Census records in 1930, we back out the data
from the 1940 Census of Population, Differential Fertility: 1940 and 1910, Fertility
for States and Large Cities, Table 31. For each state, data is presented by urban,
rural-nonfarm, and rural-farm specifications. To report the urban and total rural
values, we sum the data for rural-nonfarm and rural-farm categories. We collect
data on total women, total women ever married, and number of children ever born
from Table 31.
To transfer the data from 1940, we account for shifts in time with the reported
age categories. For example, the number of women ever married ages 25-29 years in
the year 1940 we treat as the number of women ever married ages 15-19 in the year
1930. We perform this process for each total women, total women ever married, and
number of children ever born.
1940
We use data from the 1940 Census of Population, Differential Fertility: 1940 and
1910, Fertility for States and Large Cities, Table 31. For each state, data is presented
by urban, rural-nonfarm, and rural-farm specifications. To report the urban and total
rural values, we sum the data for rural-nonfarm and rural-farm categories. We collect




We use the Census of Population, 1950, Volume IV: Special Reports, Part 5:
Other Subjects, Fertility, Table 32. There, data is presented by urban as well as
rural-nonfarm and rural-farm specifications. To report the urban and total rural
values, we sum the data for rural-nonfarm and rural-farm categories. Further, the
total values listed for urban, rural-nonfarm, and rural-farm categories actually are
those for the white population. We collect data on total women, total women ever
married, and number of children ever born.
1960
We use data from the Census of Population, 1960, Volume I. Characteristics of
the Population, Part A. Number of Inhabitants, Table 51. There, data is presented
by urban and rural specifications for white and nonwhite women. We treat nonwhite
fertility as black fertiltiy here. We collect data on total women, total women ever
married, and number of children ever born.
1970
We use data from the 1970 Census of Population and Housing, Volume I: Char-
acteristics of the Population, Table 161. For each state, data is presented by urban,
rural-nonfarm, and rural-farm specifications. To report the urban and total rural
values, we sum the data for rural-nonfarm and rural-farm categories. We collect
data on total women, total women ever married, and number of children ever born.
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1980
We use data from the 1980 Census of Population and Housing, Volume 1: Char-
acteristics of the Population, Chapter C, Table 74. For each state, data is presented
by urban totals and rural totals by white and black specifications. We also collect
data on total women as well as number of children ever born.
1990
We use data from the 1990 Census of Population and Housing, Chapter 2, Tables
56 and 57. Table 56 reports fertility data for white women, and Table 57 reports
fertility data for black women. For each state, we collect data on total women and
number of children ever born.
2000
Given that the Census stops reporting the number of children born to women
after 1990, we use state aggregates from the Current Population Survey (CPS) June
Supplements by white and black specifications. Since it does not exist also on an
urban-rural level, we project the 1990 fertility rate to 2000 through changes in the
state aggregates.
2010
Given that the Census stops reporting the number of children born to women
after 1990, we use state aggregates from the Current Population Survey (CPS) June
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Supplements by white and black specifications. Since it does not exist also on an
urban-rural level, we project the 2000 fertility rate to 2010 through changes in the
state aggregates.
Fertility Rates
To compute fertility rates, we divide the number of ever-married women by the
number of children ever born for the age category of 35 to 44 years. This is performed
for both total women as well as total ever-married women as a robustness check as
well as to examine effects of marriage on fertility rates.
Sourcing of Mortality Data
1900
We use data from the 1900 Census, Volume 4: Vital Statistics pt 2, Table 6.
However, because the data is reported only in white and colored categories, we apply
urban-rural proportions created by the Census Bureau and provided by the State
Library of Iowa, State Data Center Program to compute the expected mortality
values by urban-rural.
A key note also for 1900 is that not all states were death registration; this creates
a data limitation in reflecting urban-rural deaths in all states. While some of the
constructed mortality values seemed plausible when checked against the state aggre-
gate values, not all did, especially for states in the Mountain, Pacific, West North
Central, and East North Central regions. For instance, some of the infant mortality
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rates were lower than the values calculated for 2010. In these cases, back projections
and regressed values were used to find infant mortality rates and mortality risk for
1900.
1910
We use data from Mortality Statistics of 1910, Eleventh Annual Report, Table 3.
The number of deaths are reported by white and colored categories for registration
cities as well as rural areas of registration states. We treat mortality in registration
cities as urban deaths and mortality.
A key note also for 1910 is that not all states had death registration cities; this
creates a data limitation in reflecting urban/rural deaths in all states.
1920
We use data from the Mortality Statistics of 1920, the Twenty-First Annual
Report, Table 3. For each state, mortality data is presented by totals by white and
colored specifications. Though data is reported for the age categories of 35 years to
39 years as well as 40 years to 44 years, we sum these categories together for the
total deaths by 35 years to 44 years. This is to reflect the age category by which
fertility data is specified.
1930
Since mortality data is not reported for 1930, we use data from Mortality Statis-
tics of 1929, the Thirtieth Annual Report, Table 3. For each state, mortality data is
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by urban and rural specifications for white and colored races.
1940
We use data from the Vital Statistics of the United States, 1940, Part I, Table
10. For each state, mortality data is presented by cities of 100,000 or more; cities of
10,000 to 100,000; cities of 2,500 to 10,000; and rural specifications. To report the
total urban and rural values, we sum the data for cities of 100,000 or more; cities of
10,000 to 100,000; and then cities of 2,500 to 10,000.
1950
We use data from the Vital Statistics of the United States, 1950, Volume III,
Mortality Data, Table 47. For each state, mortality data is presented by the urban-
rural specification as well as white and nonwhite categories.
1960
We use data from the Vital Statistics of the United States, 1960, Volume II, Mor-
tality Part B, Table 9-4. For each state, mortality data is presented by metropolitan
and nonmetropolitan specifications. We treat the metropolitan values as those of
urban, and similarly, the nonmetropolitan values as those of rural.
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1970
We use data from the Vital Statistics of the United States, 1970, Volume II, Mor-
tality Part B, Table 7-3. For each state, mortality data is presented by metropolitan
and nonmetropolitan specifications. We treat the metropolitan values as those of
urban, and similarly, the nonmetropolitan values as those of rural. Further, the data
is specified by white and all other races. We treat the all other races as the nonwhite
specification.
1980
We use data from the Vital Statistics of the United States, 1980, Volume II, Mor-
tality Part B, Table 8-3. For each state, mortality data is presented by metropolitan
and nonmetropolitan specifications. We treat the metropolitan values as those of
urban, and similarly, the nonmetropolitan values as those of rural. Further, the data
is specified by white and all other races. We treat the all other races as the nonwhite
specification.
1990
We use data from the Vital Statistics of the United States, 1990, Volume II, Mor-
tality Part B, Table 8-3. For each state, mortality data is presented by metropolitan
and nonmetropolitan specifications. We treat the metropolitan values as those of
urban, and similarly, the nonmetropolitan values as those of rural. Further, the data
is specified by white, black, and all other races. To report the nonwhite values, we
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sum the data values for both black and all other race categories.
2000
We use the WONDER database from the CDC by by specifying age categories
and race by state. From proportions of the estimated urban-rural proportions of the
states, we construct the infant mortality rates and mortality risk values.
2010
We use the WONDER database from the CDC by by specifying age categories
and race by state. From proportions of the estimated urban-rural proportions of the
states, we construct the infant mortality rates and mortality risk values.
Mortality Rates and Mortality Risk
To compute the infant mortality rate or the hazard mortality rate, we take the
number of deaths reported divided by the population count.
At the beginning of the time series, not all states provide mortality rates as they
are not death registration states. Further, life tables are provided only on a white-
black level rather than with the additional urban-rural specification. We construct
the urban-rural young adult mortality risk values (through age 35) using




The ζ probability of not dying between ages j and k can be written
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(2) ζiRUt = (1−Hazard Mortality RateiRUt)k−j+1.
We then can write the probability of dying between ages j and k, denoted γ. This
probability γ is expressed as
(3) γiRUt = 1− (1−Hazard Mortality RateiRUt)k−j+1.
Finally, we construct a measure of young adult mortality risk δ. Noting the age
categories as superscripts, δ is written as






iRUt + . . . +
γ25 to 29iRUt + γ
30 to 34
iRUt − 23IMR.
Given that all states are not death-registration states at the beginning of the time
series, imputed values are constructed from the state aggregate mortality values and
the available urban-rural values. For example, though the Census Bureau provides
mortality statistics for many states on a white-black level in the 1900 Census, the
calculated infant mortality rates and mortality risk δiRUt through age 35 do not
always seem plausible. For some states even, the mortality risk appears appropriate
but the age category from 1 to 4 years of age, not including infant mortality, seems to
sometimes include infant mortality and is evidenced with a high probability of death.
This results in an understated, constructed infant mortality rate when compared to
the aggregate values in Tamura, Simon, and Murphy (2016). To account for this,
we apply back projections from when the data becomes available on an urban-rural
level.
Final adjustments to the constructed mortality risk values occur where the ag-
gregate mortality values reflect declines not evidenced with either the urban or rural
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values. If the urban and rural value both increase relative to a decreasing aggregate
value, an imputed value is used. This is because we would expect the aggregate
values to be nested between the urban and rural (just as experienced with the den-
sities). The other situation in which an imputed value is used is if it is noted that
both the urban and rural mortality values decline (by a lot) yet the state aggregate
still exceeds them.
Sourcing of Enrollment and Schooling Data
Enrollment Rates and Schooling Attainment
To compute enrollment rates, we divide the number of children enrolled in school
by population counts for each of their respective age categories (5-9 years, 10-14
years, 15-19 years, and 20-24 years). For example, to compute the 1940 enrollment
rate of children aged 5-9 years old, we take the total number of children aged 5-9
enrolled in school divided by the population count aged 5-9. This process is done for
each state by urban-rural and white-black specifications.
As for schooling attainment, we take the summation of the enrollment rates by
age category starting at age 6 through the age of 24. A final note is that since to
compute the 2010 schooling value it relies upon a projection of the enrollment rates
post 2010, if there is a decline between 2000 and 2010 enrollment rates, we hold
constant the 2010 enrollment rate to forward project. This is similarly done where a
missing year of data at the end of the time series requires an imputation that would
be decreasing. Since it is not known whether the rate may increase or decrease, this
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is why a fixed value is used in the summation.
1900
Data on enrollment was obtained from the 1900 Census of Population and Hous-
ing; Volume 2: Population Pt 2: Ages, School, Militia, and Voting Ages, Conju-
gal Condition, School Attendance, Illiteracy, Cannot Speak English, Occupations,
Dwellings and Families, Proprietorship of Homes; Tables 35 and 41. Table 35 lists
the data for the white population, and table 41 lists the data by the negro population.
However the urban-rural layer is missing from the enrollment counts. Similar to
with the population counts, we apply urban-rural proportions created by the Census
Bureau and provided by the State Library of Iowa, State Data Center Program. For
1900, we have, by state, the percent of population in urban areas and the percent of
population for rural areas. This allows us to compute the expected population count
for urban/rural white categories as well as the urban/rural colored categories.
1910
The 1910 data is found in the 1940 Census of Population, Volume II. Charac-
teristics of the Population, Parts 1-7. Part 1 includes Alabama-Delaware, Part 2
includes Florida-Iowa, Part 3 includes Kansas-Michigan, Part 4 includes Minnesota-
New Mexico, Part 5 includes New York-Oregon, Part 6 includes Pennsylvania-Texas,
and Part 7 includes Utah-Wyoming. For each state, Table 12 is what provides us
urban/rural population data.
There, data is presented by urban total counts and rural total counts by native-
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born white, foreign-born white, and negro specifications. We sum the data for the
native-born white and foreign-born white counts to report the total white count for
the age categories 5-9 years, 10-14 years, and 15-20 years. Finally, we scale the 15-20
year age category down to 15-19 years for the later computation of an enrollment
rate against the population count data that is specified by 15-19 years.
1920
The 1920 data is found in the 1940 Census of Population, Volume II. Charac-
teristics of the Population, Parts 1-7. Part 1 includes Alabama-Delaware, Part 2
includes Florida-Iowa, Part 3 includes Kansas-Michigan, Part 4 includes Minnesota-
New Mexico, Part 5 includes New York-Oregon, Part 6 includes Pennsylvania-Texas,
and Part 7 includes Utah-Wyoming. For each state, Table 12 is what provides us
urban/rural population data.
There, data is presented by urban total counts and rural total counts by native-
born white, foreign-born white, and negro specifications. We sum the data for the
native-born white and foreign-born white counts to report the total white count for
the age categories 5-9 years, 10-14 years, and 15-20 years. Finally, we scale the 15-20
year age category down to 15-19 years for the later computation of an enrollment
rate against the population count data that is specified by 15-19 years.
1930
The 1930 data is found in the 1940 Census of Population, Volume II. Charac-
teristics of the Population, Parts 1-7. Part 1 includes Alabama-Delaware, Part 2
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includes Florida-Iowa, Part 3 includes Kansas-Michigan, Part 4 includes Minnesota-
New Mexico, Part 5 includes New York-Oregon, Part 6 includes Pennsylvania-Texas,
and Part 7 includes Utah-Wyoming. For each state, Table 11 is what provides us
urban/rural population data.
There, data is presented by urban as well as rural-nonfarm and rural-farm spec-
ifications. To report the urban and total rural values, we sum the data for rural-
nonfarm and rural-farm categories. Further, the data is presented by native white,
foreign white, and negro specifications. To report the total white and black values,
we sum the data for native white and foreign white categories. Finally, the data in
table 11 reports single ages of enrollment (age 5, age 6, etc.) that we merge into
the categories of 5-9 years, 10-14 years, 15-19 years, and 20-24 years. This is done
to (i) standardize age categories in which the methods change from census to cen-
sus, and (ii) have the same age categories math those of population counts for later
computation of enrollment rates.
1940
We use data from the 1940 Census of Population, Volume II. Characteristics of the
Population, Parts 1-7. Part 1 includes Alabama-Delaware, Part 2 includes Florida-
Iowa, Part 3 includes Kansas-Michigan, Part 4 includes Minnesota-New Mexico,
Part 5 includes New York-Oregon, Part 6 includes Pennsylvania-Texas, and Part 7
includes Utah-Wyoming. For each state, Table 11 is what provides us urban/rural
population data.
There, data is presented by urban as well as rural-nonfarm and rural-farm spec-
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ifications. To report the urban and total rural values, we sum the data for rural-
nonfarm and rural-farm categories. Further, the data is presented by native white,
foreign white, and negro specifications. To report the total white and black values,
we sum the data for native white and foreign white categories. Finally, the data in
table 11 reports single ages of enrollment (age 5, age 6, etc.) that we merge into
the categories of 5-9 years, 10-14 years, 15-19 years, and 20-24 years. This is done
to (i) standardize age categories in which the methods change from census to cen-
sus, and (ii) have the same age categories math those of population counts for later
computation of enrollment rates.
1950
We use data from the Census of Population and Housing, 1950, Volume II. Char-
acteristics of the Population, Table 62. Data is presented separately for each state by
urban, rural-nonfarm, and rural-farm layers for total and nonwhite distinctions. To
report the data simply by urban and rural specifications, we take the sum of rural-
nonfarm and rural-farm values. Further, to report the white values, we subtract the
nonwhite values from the totals.
Additionally, some states only report the total urban and total rural values. To
produce the expected values for the white urban, white rural, nonwhite urban, and
nonwhite rural categories, we apply proportions (from the population counts) only
to the states that are missing this disaggregation.
Further, since data is presented by single years of individuals enrolled in school
(example: children age 6 years old, children age 7 years old), we merge age categories
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to the following: 5-9 years, 10-14 years, 15-19 years, and 20-24 years.
A note is that for Maryland and Oklahoma in 1950, I only use the rural-nonfarm
instead of the summed rural-nonfarm and rural-farm values. This is because it is
not known how much of the population would be considered nonwhite from the
aggregated rural-farm value. So it is dropped for the computation of the enrollment
rate.
1960
We use data from the 1960 Census of Population, Volume I. Characteristics of the
Population, Part A. Number of Inhabitants, Table 101. Data is presented separately
for each state by urban, rural-nonfarm, and rural-farm layers for total and nonwhite
distinctions. To report the data simply by urban and rural specifications, we take
the sum of rural-nonfarm and rural-farm values. Further, to report the white values,
we subtract the nonwhite values from the totals.
Additionally, some states only report the total urban and total rural values. To
produce the expected values for the white urban, white rural, nonwhite urban, and
nonwhite rural categories, we apply proportions (from the population counts) only
to the states that are missing this disaggregation.
1970
Originally, data is collected from the 1970 Census of Population, Volume I. Char-
acteristics of the Population, Table 51. For each state, data is presented for the
white and black population by urban, rural-nonfarm, and rural-farm specifications.
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To report the urban and total rural values, we sum the data for rural-nonfarm and
rural-farm categories. However, when combining this data with population counts to
compute enrollment rates, we find 1) different age ranges presented than previously
collected for enrollment counts than population counts by urban-rural, and 2) non-
plausible enrollment rates that can exceed 100% for states when having computed
these.
To account for this issue, we turn to IPUMS data, collected from the census, to
hold age categories consistent for states in computing enrollment rates.
1980
Originally, data is collected from the 1980 Census of Population, Volume I. Char-
acteristics of the Population, Chapter C, Table 76. For each state, data is presented
for the white and black population by urban and rural specifications. However, when
combining this data with population counts to compute enrollment rates, we find 1)
different age ranges presented than previously collected for enrollment counts than
population counts by urban-rural, and 2) non-plausible enrollment rates that can
exceed 100% for states when having computed these.
To account for this issue, we turn to IPUMS data, collected from the census, to
hold age categories consistent for states in computing enrollment rates.
1990
Originally, data is collected from the 1990 Census of Population and Housing,
Chapter 2. Social and Economic Characteristics, Tables 62 and 63. Table 62 reports
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the number of white students enrolled in school, and Table 63 reports the number
of black students enrolled in school. As experienced with the 1970 and 1980 values,
when combining this data with population counts to compute enrollment rates, we
find 1) different age ranges presented than previously collected for enrollment counts
than population counts by urban-rural, and 2) non-plausible enrollment rates that
can exceed 100% for states when having computed these.
To account for this issue, we turn to IPUMS data, collected from the census, to
hold age categories consistent for states in computing enrollment rates.
2000
We use IPUMS data from a 5% sample since the census no longer report urban-
rural enrollment counts, and the ACS survey is unavailable in this year. We use
metropolitan status as a proxy for urban-rural because of the absence of this speci-
fication in 2000.
2010
We use IPUMS data from the ACS survey. We use metropolitan status as a proxy
for urban-rural because of the absence of this specification in 2010.
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